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Introducing the mobile that can move 
you out of the world of the ordinary 
and into the world of the serious CB'er. 
The Cobra 138XLR Single Sideband. 
Sidebanding puts . 
you m your own 
private world. A 
world where there's 
less congestion. 
More privacy. 
More time to talk. 

It's all possible because instead of 40 
channels you get your choice of 120 
channels. Both AM and SSB. And 
instead of 4 watts of legal power you 
get 12 watts of legal power. So you get 
almost double the range of AM. 

With the 138XLR Single Sideband 
there's less background noise and less 
interference. So there's cleaner, clearer 
reception. Because like all Cobras, the 
138XLR SSB is engineered to punch 
through loud and clear. Even in crowded 
metropolitan areas. 

And like all Cobras it comes equipped 
with such standard features as an easy
to-read LED channel indicator. 
Switchable noise blanking and limiting. 
An RFI signal strength meter And 
Cobra's exclusive DynaMike gain control. 

You'll find the 138XLR SSB wherever 
Cobras are sold. Which is almost every
where. Because Cobra's got a nationwide 
network of dealers and Authorized 
Service Centers offering sales, installation, 
service and advice. So come on in. 
And move on up. ~ 

(91:3r~ 
Punches through loud and clear. 

Cobra Communications Products 
DYNASCAN CORPORATION 

6460 W Cortland St, Chicago, Illinois 60635 
Wri te for color brochure 

EXPORTERS: Empire • Plainview. NY • CANADA: Atlas EJec1rorucs • Toronto 
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Burglar Alarm 

Breakthroug 

A new computerized burglar alarm 

requires no installation and protects your 

home or business like a thousand dollar 


The Midex security computer looks like a 
handsome stereo system component and 
measures only 4" x 10'/2' x 7 ". professional system. 

It 's a security system computer . You can 
now protect everything-windows, doors, 
walls, ceilings and floors with a near fail-safe 
system so advanced that it doesn't require 
installation. 

The Midex 55 is a new motion-sensing 
computer. Switch it on and you place a 
harmless invisible energy beam through more 
than 5,000 cubic feet in your home. When 
ever this beam detects motion it sends a signal 
to the computer which interprets the cause of 
the motion and triggers an extremely loud 
alarm . 

The system's alarm is so loud that it can 
cause pain-loud enough to drive an intruder 
out of your home before anything is stolen or 
destroyed and loud enough to alert neighbors 
to call the police. 

iiiiiiiiiii!iii!!!~ 

The powerful optional blast horns can also be 
placed outside your home or office to warn 
your neighbors. 

Unlike the complex and expensive com
mercial alarms that require sensors wired into 
every door or window, the Midex requires no 
sensors nor any other additional equipment 
other than your stereo speakers or an optional 
pair of blast horns. Its beam actually pene
trates walls to set up an electronic barrier 
against intrusion. 

NO MORE FALSE ALARMS 
The Midex is not triggered by noise or 

sound, temperature or humidity-just motion, 
and since a computer interprets the nature of 
the motion, the chances of a false alarm are 
very remote. 

An experienced burglar can disarm an 
expensive security system or break into a 
home or office through a wall . Using a Midex 
system there is no way a burglar can penetrate 
the protection beam without triggering the 
loud alarm . Even if the burglar cuts off your 
power, the four-hour rechargeable battery 
pack will keep your unit triggered , ready to 
sense motion and sound an alarm. 

DEFENSE AGAINST PEEPING TOMS 
By pointing your unit towards the out

doors from your bedroom and installing an 
outside speaker, light, or alarm, your unit can 
sense a peeping tom, and frighten him off. 
Pets are no problem for the Midex. Simply 
put them in one section of the house and 
concentrate the beam in another. 

When the Midex senses an intruder, it 
remains silent for 20 seconds. It then sounds 
the alarm until the burglar leaves. One minute 
after the burglar leaves, the alarm shuts off 
and resets, once again ready to do its job. This 

shut-off feature , not found on many expen
sive systems, means that your alarm won 't go 
wailing all night long wh i le you're away. 
When your neighbors hear it, they'll know 
positively that there's trouble. 

PROFESSIONAL SYSTEM 
Midex is portable so it can be placed 

anywhere in your home. You simply connect 
it to your stereo speakers or attach the two 
optional blast horns. 

Operating the Midex is as easy as its instal 
lation . To arm the unit, you remove a special
ly coded key. You now have 30 seconds to 
leave your premises. When you return, you 
enter and insert your key to disarm the unit. 
You have 20 seconds to do that . Each key is 
registered with" Mid ex and that number is kept 
in their vault should you ever need a duplicate. 
Three keys are supplied with each unit. 

As an extra security measure, you can leave 
your unit on at night and place an optional 
panic button by your bed . But with all its 
optional features, the Midex system is com
plete, designed to protect you , your home 
and property just as it arrives in its well-pro 
tected carton . 

The Mid ex 55 system is the latest electron
ic breakthrough by the Midex Corporation-a 
company that specializes in sophisticated 
professional security systems for banks and 
high security areas. JS&A first became ac 
quainted with Midex after we were burglar
ized . At the time we owned an excellent 
security system but the burglars went through 
a wall that could not have been protected by 
sensors . We then installed over $5,000 worth 
of the Midex commercial equipment in our 
warehouse. When Mid ex announced their 
intentions to market their units to consumers, 
we immediately offered our services. 

COMPARED AGAINST OTHERS 
In a recent issue of Consumers Report, a 

leading consumer publication, there was a 
complete article written on the tests given 
security devices which were purchased in New 
York . The Midex 55 is not available in New 
York· stores but had it been compared it 
would have been rated tops in space pro
tection and protection against false alarms
two of the top criteria used to evaluate these 
systems. Don't be confused. There is no 
system under $1,000 that provides you with 
the same protection as the Midex 55. 

YOU JUDGE THE QUALITY 
Will the Midex system ever fail? No prod

uct is perfect but judge for yourself. Al I 
components used in the Mid ex system are of 
aerospace quality and of such high reliabil i t y 
that they pass the military standard 883 for 
thermal shock and burn-in . In short, they go 
through the same rugged tests and controls 
used on Components in manned space ships. 

Each component is first tested at extreme 
tolerances and then retested after assembly . 
The entire system is then put under full 
electrical loads at 150 degrees fahrenheit for a 
full week . If there is a defect, these tests will 
cause it to surface. 

PEOPLE LIKE THE SYSTEM 
Wally Sch irra , a former astronaut and 

scientist, says this about the Midex 55, "I 
know of no system that is as easy to use and 
provides such solid protection to . the home 
owner as the Midex. I would strongly recom 
mend it to anyone. I am more than pleased 
with my unit ." 

Many more people can attest to the quality 
of this system but the true test is how it 
performs in your home or office. That is why 
we provide a one month trial period . We give 
you the opportunity to personally see how 
fail-safe and easy the Midex system is to 
operate and how thoroughly it protects you 
and your loved ones. 

Use the Midex for protection while you 
sleep , to protect your home while you're 
away or on vacation. Then after 30 days, if 
you're not convinced that the Midex is nearly 
fail-safe, easy to use, and can provide you 
with a security system that you can trust, 
return your unit and we'll be happy to send 
you a prompt and courteous refund . There is 
absolutely no obligation. JS&A has been 
serving the consumer for over a decade-furth
er assurance that your investment is well 
protected. 

To order your system, simply send your 
check in the amount of $199.95 (Illinois 
residents add 5% sales tax) to the address 
shown below. Credit card buyers may call our 
toll -free number below. There are no postage 
and handling charges. By return mail you will 
receive your system complete with all con
nections, easy to understand instructions 
and one year limited warranty . If you do not 
have stereo speakers, you may order the 
opt ional blast horns at $39.95 each and we 
recommend the purchase of two. 

With the Midex 55 , JS&A brings you : 1) A 
system built with such high quality that it 
comp I ies with the same strict government 
standards used in the space program , 2) A 
system so advanced that it uses a computer to 
determine unauthorized entry, and 3) A way 
to buy the system , in complete confidence, 
without even being penalized for postage and 
handling charges if it 's not exactly what you 
want. We couldn't provide you with a better 
opportunity to own a security system than 
right now. 

Space-age technology has produced the 
ultimate personal security system . Order your 
Midex 55 security computer at no obligation , 
today . 

ATIONAL 
SALES 

GROUP 
Dept. PE One JS&A Pl aza 

Northbroo k, Ill. 60062 (3 12) 564-9000 


CALL TOLL-FREE .. . . 800 323-6400 

In Illinois call . . . . . ... (312) 498-6900 


©JS& A Group, Inc., 1977 



NOV( SCANNING 

OVER 6000 FREQUENCIES 


IS AS EASYAS 

USING APUSHBUTTON 


PHONE. 


Introducing the incredible. new Bearcat 210. 
The exciting, new Scanner Radio with the 

space-age, computer control center that brings in 
every available public service frequency with 
pushbutton ease. 

Bearcat's new 210 is as easy to program as a 
pushbutton phone. You can select any of the 
public service bands (al l the available local 
frequencies) simply by pushing buttons. 

Simply punch in the frequency numbers on the 
computer control center keyboard. Hit the Enter 
button. And you're programmed. 

A large, flashing. digital readout panel shows 
you each frequency you've selected. 

The Bearcat 210 patented search capacity lets 
you explore the endless world of every available 
public frequency out there. too. 

Best of all. you're no longer limited to a given 
band or set of frequencies. The new Bearcat 210 
is synthesized. Space-age circuitry leis you forget 
crystals forever. 

Let's look at some Bearcat 210 features. And 
facts. 

5 BAND COVERAGE - Includes Low, High, UHF 
and UHF "T" public service bands, the 2-meter 
amateur (Ham) band. plus other UHF frequencies. 

SCANS 20 CHANNELS PER SECOND - In hall 
a second, the Bearcat 210 scans all 1Ochannels. 

CRYSTAL-LESS- Space-age ci rcuitry with 5 
custom desig ned chips. You never have to buy a 
crystal. 

TRACK-TUNING - Patented track tuning provides 
lull-band coverage on every band. 

AUTOMATIC LOCK-OUT - Locks out channels 
and "skips" frequencies not of current interest. 

AC/ DC - Mobile mounti ng bracket included. 

SELECTIVE SCAN DELAY- Adds a two-second 
delay to prevent missing transmissions when 
"calls" and "answers" are on the same frequency. 

AUTOMATIC SEARCH -New, patented feature 
searches out any active local public service 
frequency automatically. For more police, .fire, 
marine, emergency calls. And much more. 

THE NEW 
Bl:AD1c~AT -, In 
~ ftl @CILf 

THE MOST EXCITING THING THATS HAPPENED 
TO SCANNING SINCE SCANNERS. 
Electra Company 
300 East County Li ne Road, South, Cumberland. Indiana 46229 
Copyright 1977 Masco Corporation of Indiana 
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Editorial 


TV ELECTRONIC GAMES GROW UP 
The sale of home TV electronic games peaked during the Christmas season of 
1976, followed by a severe decline in 1977. Was the estimated 3-million video 
games sold in '76 just a passing fancy of the American public? Obviously not, since 
manufacturers are now producing with the expectation that 1977 sales will easily 
be twice those of 1976. And nonvideo electronic games will certainly make their 
mark this year, too. 

Home TV games did not move as well as anticipated during the first half of '77 
for a variety of reasons: (1) Christmas doesn't last all year (though the interest in 
games should be year-round); (2) reduced selling prices on games disheartened 
many retailers, who placed them on the back shelves; (3) programmable games 
are just around the corner. Concerning the latter, there are two companies already 
marketing them-Fairchild, who can't seem to keep up with consumer demands at 
$170 a game plus "cartridges, " and RCA, just really entering the market with a 
$150 programmable model. 

Dramatic decreases in prices for the older, dedicated video games are anticipat
ed, with prognosticators saying that they will simulate the price dip exhibited by cal
culators and digital watches. But with the new dedicated games, such as Atari's 
Tank ,., (with sound effects and joy-stick controls) at a suggested retail price of 
$65, don't expect $9.95 paddleball/hockey sellers to be around just yet. 

The future of home video games is extraordinarily bright. And speaking of bright
ness, I find it amusing that one major TV receiver manufacturer, who also pro
duces a TV electronic game, indicates that its receiver CRT warranty will be voided 
if electronic games are displayed on it. I've been personally assured by a top ex
ecutive in the company that they have not seen a single defective CRT with burn 
spots caused by video electronic games-even with "duds." 

The burn-spot question arose last year because some coin-operated units in ar
cades did display such CRT marring after a considerable period of video-game 
use. Users of home video games, however, do not play them sufficiently, without 
shutoff, to cause CRT damage. 

It's projected that programmable video games will account for some 20% of unit 
sales in 1977, rising to 33Y3% by 1980. The omnipresent microprocessor will also 
be utilized for nonvideo electronic games. Parker Brothers (of " Monopoly" fame) 
will soon market a nonvideo electronic game based on the old "Battleship" game, 
as an example. Another toy maker, Mattel , will offer hand-held missile, auto race 
and football games with LED score readouts . . . Fidelity Electronics will be pre
senting an electronic chess game that the user plays against . . . Tryom Inc. will 
enable you to pit your wits against a microprocessor in the game of backgam
mon . . . Unisonic has a four-function calculator that can also permit one to play 
blackjack, even changing the deal when 38 cards are played, a la Vegas rules . 

Although the programmable microprocessor games are destined to take over 
the electronic game market, at least in dollars, the input medium used will not nec
essarily be the ROM-type cartridges now prevalent. Among other possibilities that 
may evolve are matchbook-size tape cartridges and magnetic cards. Regarding 
the latter, kilobyte cards can be produced much as record discs can and, therefore, 
offer the potential for very low costs. The four-stripe plastic cards now available 
provide 1024 bytes, enough for most game programs, unless you want a Star-Trek 
game. Then you'll need a full blown microcomputer system. 

Clearly, microprocessors are changing the face of consumer electronic products 
for increased efficiency and, in the case of games, to add another leisure activity to 
our lives. 
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SAE's goal today, just as it has been 
for over 12 years, is the design and 
production of fine audio components; 
which offer the best value in both 
sonic performance and quality con
struction. Our line of amplifiers 
stand as a testament to this goal. 

First, their design  all SAE ampli
fiers have fully complimentary cir
cuitry. In this unique design ap
proach, not only the output (as in 
conventional amplifiers), but the 
drive and input stages are com
pletely complimentary. This ensures 
low transient and steady-state dis
tortion, plus full stability and fast 
overload recovery. Combine. this 
with our high slew rate for accurate 
transient response, feedback gain 
controls which will not degridate 
the input signal (2600, 2400L), and 
monocoque construction with its low 
weight and high reliability (2200, 
2400L). 

The result is state-of-the-art per
formance, but to realize this perfor
mance we must have the second part 
of our goal - production. In order 
to ensure optimum performance 
from these unique design concepts, 
SAE retains total control over the 
manufacture, selection, and assem
bly processes. We maintain 40,000 
sq. ft. of production area where the 
latest techniques in metal and cir
cuit board fabrication, component 
selection and product assembly are 
employed. The result of these efforts 
is the line of high quality amplifiers 
pictured here, each an outstanding 
value in its power range and each a 
true SAE component where perfor
mance and value come together 
that's SAE Power! 

··------- ~ ·---------------·· ~ -Scientific Audio Electronics, Inc. 
P.O. Box 60271 Terminal Annex, Los Angeles, CA 90060 
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Letters 


CUTTING DOWN THREE BYTES 
In "Debugging Aids" (Computer Bits, May 

1977), Hal Chamberlain has mistakenly as
sumed that to insert a breakpoint in an 8080 
program, a three-byte CALL instruction must 
be used. This gives the impression that a 
breakpoint feature on an 8080 is clumsy at 
best. We recommend that 8080 users initiate 
one of the RESTART (AST) instructions to 
implement a breakpoint feature in their soft
ware. The RESTART instructions are essen
tially one-byte CALL instructions and require 
only one memory location within the user's 
program for storage. In fact, the AST instruc
tion is very similar to the BAK instruction of 
the 6502 microprocessor. 

One nice feature of both the AST and BAK 
instructions is that both cause the increment
ed program counter (PC) to be saved on the 
stack. This makes the "print registers and 
continue" function very easy to implement on 
either of the microprocessors.-Christopher 
A. Titus, Blacksburg, VA. 

AQUESTION OF LEGALITY 
Your May 1977 article titled "Build a Legal 

In-Flight Airline Receiver" was cause for in
quiries from persons concerned with the re
quirements of the Federal Aviation Regula
tions (FAR) and the legality of using the re
ceiver while on board an airliner. From the 
description of the receiver, it would be con
sidered a "portable electronic device" and, 
therefore, comes under the requirements of 
FAR 91.19, titled "Port·able Electronic De
vices ." This regulation places the responsi
bility for determining that the receiver will not 
cause interference to the aircraft navigation 
and communication systems with the air car

""riers, who should approve its operation while 
on board their aircraft-John W. Flavin, 
Chief Avionics Staff, Flight Standards Serv
ice, FAA, Washington, DC. 

HI-Fl FEEDBACK 
I commend Ralph Hodges for the honesty 

of his observations and opinions expressed 
in the June 1977 Stereo Scene. I concur with 
his skepticisms on the validity of the "phase 
coherence' technique in speaker systems. 
While in theory it may produce better patterns 
on the CRT of an oscilloscope, its improve
ment of the sound as interpreted by the hu
man ear-brain combination is questionable. 
The human brain is a remarkable decoding 
device of audio signals and is able to per
ceive "true" sound even through the phase 
distorting motion of turning one's head a frac
tion of an inch. The phase-coherent speaker 

system can be valid only for a controlled and 
stationary listening device. Otherwise it be
comes no better than a conventional speaker 
system. -Michael P. Liben, New York, N. Y. 

I found "Instruments I Have Miked" (Stereo 
Scene, July 1977) totally engrossing. The 
article delivered a tantalizing amount of tips 
to use in professional recording that whetted 
my appetite to pursue a career in profession
al recording engineering. I would like to see a 
great deal more material published on this 
topic. -H. Douglas Black, Raleigh, NC. 

APPRECIATES "ELF" 
I would like to express my appreciation for 

the best project I have ever built from the 
pages of POPULAR ELECTRONICS-the "Cos
mac Elf" microcomputer (August 1976). Now 
I would like to see you publish plans for a cas
sette interface and other peripherals, plus ap
propriate programming, for the Elf. Keep up 
the good work .-Louis Choiniere, Barton, VT. 

HERB BRIER 
Herbert S. Brier, W9AD, ex-W9EGQ, 

died May 21, 1977 at age 63. Herb was 
crippled by rheumatoid arthritis at the age 
of 12 and was unable to attend school past 
grade 7. In spite of this, he taught himself 
advanced mathematics, electronics, Span
ish, and Braille. For 17 years he was POP· 
ULAR ELECTRONICS' Amateur Radio editor, 
and for years wrote the Novice column in 
CO magazine. He wrote one book on ama
teur radio, and co-authored the VHF Hand
book with William Orr, W6SAI. He held an 
Extra Class amateur license. During World 
War II, he ran the Gary (Indiana) emergen
cy radio station, for which he received a ci
tation. In later years, he maintained indus
trial electronic equipment in Gary and 
Chesterton, Indiana, and tutored local resi
dents in electronics and amateur radio. 

Out of Tune 

In "Digital Capacitance Meter" (April 

1977), one end of C3, in Fig. 2, should be 
connected to pin 9 of IC1, not pin 13 as 
shown. The normally open contact of St 
should be connected to pin 13 of IC 1, not pin 
9 as shown. Also, at the center of Fig. 3, the 
1.5-k resistor should be 1.5 ohms. The sec
ond lowest range measures capacitances 
from 0.01 to 0.99 µF. When the switch is 
placed in this ~osition, it automatically inserts 
a decimal point in the proper location and the 
display gives the capacitance directly in mi
crofarads. 

In "RC Circuit Quiz" (July 1977), the dif
ferentiator should be circuit H, and the inte
grator circuit J. The answers, as given, were 
reversed. 
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a.\· we >t•nd rnu ;·our choice of Ihcse :! practif'a I. 
timc-and -mone!·-sa\· ing hooks as part of cm un 

usual offer of a Trial \1 embershi p in l-: lcc1ronics 
Book Club·.• 

Here are quaI it;· hardbound volumes. each 
espec ially designed to help \ 'OU increase vour 
know-how. ea rning power. and enjoyment of elec
lronics . Whatever rnur inter est in elec lronics. 
vou· 11 find Electronics Book Club offers practi ca l. 
qualit,· books Iha! ,·ou ca n put to immedia te use 
and benefit. 

This extraordinar.\· of fer is intended to pro,·e to 
;·ou. through ,·our own exper ience. that th ese ver;· 
real advantages can be \'Ours... that it is poss ible l o 
keep up with the literatu re publi shed in ;·ou r areas 
of interest. ;rnd to save substa nliall v while so do
ing As par! of \'Our Trial Membership. ,·ou need 
purchase as few as four books during the co ming 12 
months. You would probabJ;· buv at least !his man;· 
anvwav ... without the subslanlial sm ·ings of fen•d 
through Club Membership. 

To sta rt your Membership on these at lrac ti\·e 
terms. simply fill out and mail the coupon tod;l\· 
You will rece i,·e the 3 books of vour choice for 
\().day inspection . YOL' :-<r: ~:D SE'.'iD NO MONEY'. 
If you are not delighted . return the books with in 10 
davs and vour Trial· '.vl embership will be ca ncc llPd 
without cost or obligation . 

ELECTRONICS BOOK CLUB. P.O. Bo110, Blue Ridge Summit. Pa . 17214 

SEPTEMBER 1977 

• The 3 introductory book~ of your choice carry publishers 
retail prices ol up to 551 75 They are yours tor only 99c: 
each (plus postage and handling) with your Trial Mem · 
bersh1p 
• You wi ll rece ive the Club News . describ in g the cu rrent 
Selection Allernates and other ottermgs . every 4 weeks ( 13 
times a year) 
• If you want the Se!ecllOn . do nothing ti will be sent !o you 
automat1ca!ly II you dO not wish to receive the Selection. or 11 
you wan! to order one ot trie many Alternates offe red . you 
simply give instructions on the reply form (and 1n The en· 
ve lope) provided . and return 11 to us by !he da te spec1!1 ed 
This date allows you a! least 10 days 1n which to return the 
torm It . becau se ot late mail deli ve ry . you do not have 10 
days to make a oecis1on and so receive an unwan ted Selec
l!On. you may re lurn 11at Club expense 
• Personal service tor your account-no computers used 1 

• To complete your Tria l Membership . you neea buy only 
tour" add1t1ona1 montn!y se lecuons or a1te rna1es during the 
next 12 months You may cancel your Mem bership any time 
atter you purchase these lour t>ooks 
• All t>ooks-rncluding the Introductory Otte r-are !ully re 
tu rnab fe atier 10 days 11 yau ·re not completely sa11shed 
• All OOoks are oflered at low Member prices . ptus a small 
PJSlage and hand \rng charge Prepaid orOers shipped 
postpaid 
• Cont inuing Bonus It you continue alter this Tr ial Mem· 
oersh ip. you will earn a Dividend Cer11licate tor every t>ook 
you pur chase Three Cert 1!1ca1es pfus oaymen! ol the 
nominal sum or Sl 99. w1!1 ent1!le you ID a va luable Book 
D1v1Qend ot your choice wh ich you may choose from a hst 
provided Member s 

CIRCLE NO. 23 ON FREE INFORMATION CARO 

-- .......,... 

I 	ELECTRONICS BOOK CLUB 

P.O. Box 10I 
Blue Ridge Summit, Pa . 17214

I 
Please open my Trial Membership in ELECTRONICSI BOOK CLUB and send me lhe 3 books circled below. I 
undersland the cost ol the books I have selected is onlyI 99¢ each . plus a small shipping charge . If not de· 
lighted . I may rel urn the books within 10 days and oweI 
nothing . and have my Trial Membership cancelled . I

I agree lo purchase al least four additional books during 
the next 12 months . after which I may cancel my memI bership at any time . 

I 	 101 563;636 510/628 582 743 
780!790 754 785 800 841I 

861 905 909 913 919 1010
I 
I Name _________ Phone _____ 

: Address ____________ 

I City ____________ 

State 	 Zip ____
I (This otter valid lor new Members only . Forei gn and Canada add 10%) PE-97 
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New Products 

Additional information on new products 
covered in this section is available from 
the manufacturers. Either circle the item's 
code number on the Reader Service Card 
inside th e back cover or write to the man

ufacturer at th e address given. 

SONY THREE-WAY SPEAKER SYSTEM 
Sony's Model SU-3000 speaker system fea
tures a "carbocon" cone material that is 
claimed to provide reproduction that virtually 
mirrors the original sound. The three-way 
bass-reflex system is rated to be driven by 20 
watts of amplifier power and to handle up to 
150 watts over a frequency range of 35 to 
20,000 Hz. Crossovers are at 600 and 5500 
Hz, while woofer rolloff and tweeter turn-on 
are at a 12-dB/ octave rate. The midrange 
driver and tweeter are fronted by radial diffu
sion elements which are said to smooth the 
frequency response and provide improved 
dispersion and imaging. Dual-slope level 
control network and adjustable midrange and 
tweeter controls permit adjustment to suit the 
listening room . Size is 3411.t''H x 14\4''0 x 
13'11."W (87 x 36.2 x 34.3 cm) and weight is 
59 lb 9 oz (27 kg). $300. 

CIRCLE NO. 69 ON FREE INFORMATION CARO 

BEARCAT PROGRAMMABLE SCANNER 
Communications Electronics' new Bearcat 
210 five-band programmable "super" synthe
sized scanning receiver needs no crystals . It 
gives the user push-button access to more 
than 16,000 different frequencies in the 32
to-50- , 146-to-174-, and 416-to-512-MHz 
ranges, which include frequencies on 2 me

ters and the entire 0.75-meter amateur band. 
The synthesizer permits one to enter or 
change any 1 O frequencies in seconds. The 
receiver scans entered frequencies at a rate 
of 20 channels per second. A digital input and 
display allows the operator to see the fre
quencies selected as well as those being re
ceived . Automatic search scanning and lock
out are included. Sensitivity is rated at O.SµV 
for 12 dB SINAD on the low and high bands. 
$319.95. 

CIRCLE NO. 91 ON FREE INFORMATION CARD 

MARANTZ STEREO RECEIVERS 

Marantz has added three popularly priced 
AM/FM receivers to its line. Featuring dual
gate MOSFET front ends, the receivers are 
equipped with zone-detented tone controls 
for convenient variation of bass, midrange, 
and treble frequencies. Other features in
clude Dolby FM de-emphasis (25-µs), full 
complementary symmetry direct-coupled am
plifier section, phase-locked-loop multiplex 
demodulator, and quadradial-ready jack so 

that a 4-channel decoder can be connected 
should a standardized 4-channel FM broad
cast system be approved by the FCC. The 
three new models are 2226 (26 watts), 2238 
(38 watts), and 2252 (52 watts), all into 8
ohm loads. The 2226 is rated at no more than 
0.2% THO with an 8-ohm load; the other two 
models, 0.1 %. All models include separate 
FM-tuning and signal-strength meters . 

CIRCLE NO. 92 ON FREE INFORMATION CARD 

McKAY DYMEK COMMUNICATIONS RECEIVER 

McKay Dymek has introduced an all-wave, 
fully synthesized communications receiver 
covering the frequency range of 50 kHz to 
29.7 MHz. The DR-22 is equipped with 
switch-selectable 4- or 8-kHz bandwidth ce
ramic filters. Preceding the ceramic filters are 
crystal filters at 30 MHz and 10. 7 MHz. All AM 
broadcast, international shortwave, ham ra
dio contacts, and CB channels are tuned in 
by means of a digital phase-locked-loop tun
ing system . A large five-digit LED readout in
dicates the frequency being received, which 
is selected by four rotary switches and a fine
tuning control with a ± 5-kHz tuning range. 
Standard features include high-impedance 
audio output for recording, 455-kHz i-f output 
jack, mute control for use with transmitters, 
front-panel headphone jack, internal speaker 
and control switch, and external speaker con
nections. The receiver is housed in a textured 
black enamel case with teak wood sides and 
brushed aluminum face. Measures 17.5'W x 
16"0 x 5.1"H (44.5 x 40.7 x 13.0 cm) . 
$2,900. 

CIRCLE NO. 93 ON FREE INFORMATION CARD 

CONTINENTAL SPECIALTIES SOCKETS 

Continental Specialties has two new "Experi
mentor" 300 and 600 solderless breadboard
ing sockets, which provide 94 five-point ter
minals, plus two 40-point bus strips for a total 
of 550 solderless tie-points. The 600, priced 
at $10.95 , has a 6/ 10" center channel, mak
ing it suitable for microprocessors, clock 
chips, RAM's, ROM's, and other larger DIP 

packages. The 300 has a 3/ 10" center chan
nel that is right for smaller qlP's. Both sock
ets also accept transistors, LED's, resistors, 
capacitors, pots and virtually all types of dis
crete components. 

CIRCLE NO . 94 ON FREE INFORMATION CARD 

HEATH AUDIO OSCILLATOR 

Heath's IG-1272 low-distortion oscillator is 
designed for a variety of audio uses. It pro
vides a low-distortion sine-wave output over 
a frequency range from less than 5 Hz to 100 
kHz . It offers both pushbutton and varia 
ble-frequency operation. Output is said to be 
flat across its entire frequency range. At
tenuation accuracy is ± 0.2 ·dB. Hum and 
noise are rated at 0.01 % or less.includes an 
ac rms volts meter with a dB scale and a level 
control, plus an interval load (600 ohms) and 
external load switch. It comesw ith cable and 
clip leads as a kit for $129.95, factory assem
bled (SG-1272) . $190. 

CI RCLE NO. 90 ON FREE INFORMATION CARD 

PANASONIC MOBILE CB TRANSCEIVER 

Panasonic's Model RJ-3450 is a two-piece 
AM 40-channel rig. The CB transceiver is 
separate from its controls to allow the bulkier 
section to be hidden away under a seat or, 
with an optional extender cable , in the car's 
trunk. The remote-control microphone con
tains all controls, switches , and displays 

(LED) , as well as the speaker. The RJ-3450 
also features a built-in scanner system that 
can be operated either automatically or man
ually. It can be set to either V (vacant) or B 
(busy) to automatically locate an open or a 
busy channel. In the manual position , chan
nels can be stepped through, up or down, 
one at a time. Other controls are a squelch 
control , noise-blanker/an! switch, and a 
REG/ CH-9 switch . $229.95. 

CIRCLE NO. 95 ON FREE INFORMATION CARO 

EDMUND SCIENTIFIC BURGLAR ALARMS 

Two new security alarms are being offered by 

Edmund Scientific. One is a portable that can 
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Understanding Digital Electronics 

New teach-yourself courses 

Design of Digital S5'stems is written for the engineer seeking to learn 
more about digital electronics. Its six volumes - each 11-1 I 2" x 
8-1 I 4" are packed with information, diagrams and questions de
signed to lead you step-by-step through number systems and Boolean 
algebra to memories, counters and simple arithmetic circuits, and 
finally to a complete understanding of the design and operation of cal
culators and computers. 

The contents of Design of Digital Systems include: 
Book 1 Octal, hexadecimal and binary number systems; conversion 
between number systems; representation of negative numbers ; com
plementary systems; binary multiplication and division. 
Book 2 OR and AND functions; logic gates; NOT, exclusive-OR, 
NANO, NOR and exclusive-NOR functions; multiple input gates ; truth 
tables; De Morgans Laws; canonical forms; logic conventions; Kar
naugh mapping; three-state and wired logic. 

Book 3 Half adders and full adders; subtractors; serial and parallel 

adders; processors and arithmetic logic units (AL Us) ; multiplication 

and division systems. 

Book 4 Flip flops; shift registers; asynchronous and synchronous 

counters; ring, Johnson and exclusive-OR feedback counters; ran 

dom access memories (RAMs) and read only memories (ROMs). 

Book 5 Structure of calculators; keyboard encoding; decoding display 

data; register systems; control unit; program ROM; address 

decoding ; instruction sets; instruction decoding; control program 

structure. 

Book 6 Central processing unit (CPU); memory organization; char 

acter representation ; program storage; address modes; input I out

put systems; program interrupts; interrupt priorities ; programming; 

assemblers; computers; executive programs; operating systems and 

time sharing. 


Digital Computer Logic and Electronics is designed for the beginner. 
No mathematical knowledge other than simple arithmetic is assumed, 
though the student should have an aptitude for logical thought. It con
sists of four volumes - each 11-1 I 2" x 8-1I4" - and serves as an 
introduction to the subject of digital electronics. Everyone can learn 
from it - designer, executive, scientist, student, engineer. 

Contents include: Binary, octal and decimal number systems; con
version between number systems; AND, OR, NOR and NANO gates 
and inverters; Boolean algebra and truth tables; De Morgans Laws ; 
design of logic circuits using NOR gates; R-S and J-K flip flops; binary 
counters, shift registers and half adders. 

SEPTEMBER 1977 

In the years ahead the products of digital electronics technology will 
play an important part in your life. Calculators and digital watches are 
already commonplace. Tomorrow a digital display could show your 
automobile speed and gas consumption; you could be calling people 
by entering their name into a telephone which would automatically 
look up their number and dial it for you. 

These courses were written by experts in electronics and learning 
systems so that you could teach yourself the theory and application of 
digital logic. Learning by self-instruction has the advantages of being 
faster and more thorough than classroom learning. You work at your 
own pace and must respond by answering questions on each new 
piece of information before proceeding. 

After completing these courses you will have broadened your 
career prospects and increased your fundamental understanding of 
the rapidly changing technological world around you. 

The six volumes of Design of s198 8 
Digital Systems cost only: 

And the four volumes of s14ss
Digital Computer Logic and 
Electronics cost only : 

But if you buy both courses, $2g9 0 
the total cost is only: 

a saving of over: 

SEVEN-DAY MONEY-BACK GUARANTEE : If you are not satisfied 
with your Cambridge course, return it within 7 days for a full refund. 

To order your books, complete the order form below and send it to
gether with your check or money order to GFN Industries, Inc., 6 Com-· 
mercial Street , Hicksville, N.Y. 11801. 

I To: GFN INDUSTRIES, INC. 
I 6COMMERCIALSTREET, HICKSVILLE, NY 11801 

I Please send me: 

: _Sets of Design of Digital Systems $19.88______ 

_ Sets of Digital Computer Logic & Electronics $14.88 __ 

I _Sets of both courses $29.90___________ 
I Sales tax (N .Y. residents)----------- 

I Shipping and handling $2.50 per set ------- 

1 Enclosed is check/mo (payable to GFN Industries, Inc.) 
I 

Total$.____I 
I Name _____________________ 

I 
I Address----------------- 

!I City/State/Zip _________________ 

I Prices include overseas surface mail postage. PE-98 

g 



be carried anywhere, while the other is de
signed for permanent installation. The latter 
is useful for cars, trucks, RV's, boats, and in
dustrial plant protection, while the portable 
unit is for office and personal security. The 
portable alarm . uses ultrasonics to secure a 
"protected" area. Each alarm is programmed 
with its own specific two-digit "off" code. Port
able alarm No. 61,119 with 9-volt battery: 
$79.00. The No. 61,120 12-volt permanent 
alarm, with lead-in wires : $79.00. 

CIRCLE NO . 96 ON FREE INFORMATION CARO 

MXR NOISE-REDUCTION ACCESSORY 

The MXR Compander is a noise-reduction 
device that is said to be capable of doubling 
the dynamic range of most open-reel and 
cassette tape decks. In operation, it com
presses the dynamic range of signals being 
recorded and then expands them upon play
back. The compression/expansion process 
is claimed to reduce noise and allow quiet 
passages to be heard while, at the same 
time, allowing musical peaks to be repro
duced without distortion. The Compander is 
designed to process all frequencies at all lev
els in a similar manner, thereby eliminating 
the need for critical level adjustments. A 
switch is provided to bypass the Compand
er's circuitry, and a LEVEL MATCH control al
lows for compensation of level differences 
between the inputs and outputs of a tape 
deck. The system is designed for use on 

three-head decks. Dynamic range is speci
fied as being 100 dB and frequency response 
a~30 to 20,000 Hz ±1 dB at OdBV. 

'1"' CIRCLE NO . 97 ON FREE INFORMATION CARO 

OK WIRE WRAP DISPENSER 

The new WD Series Wire Wrap wire dispens
er from OK Machine and Tool Corp. features 
a unique cutting and stripping capability. Wire 
is drawn out of the dispenser to the required 
length. Then a built-in plunger cuts the wire 
free, while a pull on the cut wire through the 
9ffipping blade removes the insulation with
out nicking the wire. The other end of the wire 
is just as neatly and quickly stripped away. 
The dispenser comes with a 50' (15-m) spool 
of AWG 30 (0.25-mm) industrial-quality Kyn
ar® insulated silver-plated solid copper wire. 
Insulation is available in blue, white, red, and 
yellow. The dispenser is reusable when the 
wire runs out simply by inserting a new spool. 

CIRCLE NO . 98 ON FREE INFORMATION CARO 

JVC PORTABLE/HOME CASSETTE DECK 

JVC America's Model CD-1636 portable/ 
home stereo cassette deck, with its new su
per ANRS, is said to have reduced tape hiss 
and expanded dynamic range at high fre
quencies. A monitor speaker for field use is 
built-in. The deck is designed to operate for 
up to 12 hours with D-size batteries, but will 

also operate from a 120 V ac power source 
for home use. Features include dual VU me
ters and battery condition checker, 3-digit 
tape counter with reset button, automatic 
tape stop, Sen-Alloy tape head for record/ 
play and ferrite head for erase. Signal-to
noise ratio is rated at 54 dB, improved by 1 O 
dB above 5 kHz with ANRS; wow and flutter , 
0.08% rms; THO, 1.2% at 0 VU with standard 
tape, 1.5% with chrome tape. Frequency re
sponse is 45 Hz to 16 kHz ±3dB (chrome). 
Weight is 10.1 lbs. Measurements are 
14%'W x 9%"0 x 3-W'H (37 x 24 x 10cm). 
$350. 

CIRCLE NO . 99 ON FREE INFORMATION CARD 

TURNER AM/FM/CB CAMOUFLAGE ANTENNA 

A new "camouflage" AM/FM/CB antenna 
that features a new, easy-to-install design is 
available from Turner Division of Conrac 
Corp. The Model SK750 antenna is made to 
look and function like any other auto antenna, 
but provide full 40-channel coverage on €8 
with minimal VSWR. It has a removable 42" 
(106.7-cm) stainless steel whip and a mount
ing that adapts to sloping surfaces. The filters 
in the hermetically sealed watertight housing 
act as "band separators" to keep the AM/FM 
and CB signals from mixing. Suggested retail 
price is $25.00. (The same antenna configu
ration is also available for CB only as the 
Model SK755 for $19.95.) 

CIRCLE NO . 100 ON FREE INFORMATION CARD 

Aircommand 40-channel CB .. 4 

From the people who bring 
you Marantz-the world's 

finest £tereo systems-
comes the Aircommand 
CB-640-the finest in 
40-channel CB. With 
Aircommand you get 
over 25 years experi
ence in outstanding 
2-way communications 
products. 

Full 6 Watts of audio 
power. Provides plenty 

of punch so your speaker 
cuts through freeway noise. 

Dual-conversion super

heterodyne receiver with 

dual-cascaded ceramic 


filters. Together, both fea
tures provide the most com
plete rejection of unwanted 
signals, assuring you unsur
passed selectivity and 
sensitivity. 

4 big Watts of RF power. Aircommand delivers the maxi

mum power legally allowable to let you belt out the big sound. 

100% modulation capability. Even when you talk softly 

into the mike, your message cuts through loud and clear, 

thanks to one of the most advanced mike preamp and 

compressor designs in CB today. With Aircommand, you 

don't have to spend an extra $30 to $40 on a "power mike'.' 

You can't buy better modulation than Aircommand. 

Specially tailored frequency response. 

LED 40-channel selection display. Easy-to-read, night or day. 

8-LED (light emitting diode) meter display. Provides 

an easy-to-read display of SWR (standing wave ratio), 

modulation, and incoming or outgoing signal strength

instantly, accurately. 

Special emergency Channel 9 scan with exclusive 

Aircommand "beep" alert. No matter what channel you're 

on, a special Aircommand CB-640 circuit continuously 

and silently monitors Emergency Channel 9. When some

one starts transmitting on Channel 9, a unique "beep" 

alerts you, so you can tune yourself in and give assistance. 

Public address capability. The versatile Aircommand 

CB-640 public address package Jets you (1.) Talk into the 

CB mike and out an exterior public address speaker. 

(2.) Attach a tape recorder to the auxiliary jack on the 
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New Literature 

CB INTERFERENCE CURES 

Electronic Specialists offers a flyer describing 
cures for common FM, TV and audio interfer
ence caused by CB radios. Featured are so
lutions to problems such as interference 
picked up by stereo speaker leads and hi-fi 
phono inputs, and interference conducted 
over ac power lines. Address : Electronic Spe
cialists Inc., Box 122, Natick, MA 01760. 

RCA REPLACEMENT GUIDE 

RCA offers its 1977 Solid State Replacement 
Guide, SPG-202T. The new 195-page guide 
cross references more than 123,000 solid
state devices, transistors, rectifiers, thyristors 
and IC's that can be replaced with RCA SK
Series types. Features of the publication are 
an index of SK-Series semiconductors and 
accessories, application information, line 

drawings of dimensional outlines and termi
nal arrangements, and a listing of mounting 
hardware. Cost, $1 .50. Address : RCA Dis
tributor and Special Products Div., PO Box 
85, RCmnemede, NJ 08078. 

SILTRONIX ANALOG SWITCH HANDBOOKS 

Two new publications from Siltronix facilitate 
analog switch system design. The first, titled 
"Analog Switches and Their Applications," is 
a 352-page handbook covering the theory 
and practical application of analog switches. 
It begins with an explanation of FET switch 
characteristics and driver circuits and moves 
on to multiplex systems, signal conversion, 
and n-path filters. Cost $4.00. The second, 
"High Speed CMOS Analog Switches," is a 
20-page catalog of Siltronix's DG3000 series 
CMOS analog switches. Available free. Ad
dress: Marketing Services Dept., Siltronix, 
Inc., 2201 Laurelwood Rd., Santa Clara, CA 
95054. 

MARINE RADIOTELEPHONE CATALOG 

A new booklet from Motorola describes its 
line of Triton marine radiotelephones. Fea
tured are the Triton 55/75, a fully synthesized 
unit with simplified channel identification, and 
the Triton SSB marine radiotelephone, which 
has FM reliability at distances greater than 
30-40 miles. Other models described are 

bridge-to-bridge marine radio telephones, 
vhf-FM limited Coast Guard Station models, 
and FM portables. Accessories are also list
ed. Address: Motorola Communications 
Group, Literature Distribution center, 1301 E. 
Algonquin Rd., Schaumburg, IL60196. 

MEMOREX VIDEO TAPE NEWSLETTER 

Understanding the video picture is the .topic 
of Vol. 3, No. 1 of SCAN, a 4-page newsletter 
for video-tape users offered by Memorex. 
The issue discusses how a video picture is 
created within a monitor/receiver and gives 
tips on troubleshooting the video playback 
system. Address: SCAN, Memorex Corp., 
PO Box 420, Santa Clara, CA 95052. 

NEDA 1977 BATTERY INDEX 

The National Electronic Distributors Associa
tion (NEDA) offers the 1977 Battery Index. A 
replacement guide for over 182 battery types, 
the index uses number suffixes to list batter
ies according to their group; rechargeable 
NiCd batteries and various groups of nonre
chargeable types. Major manufacturers in
cluded are Bright Star Industries, Eveready, 
Mallory, Burgess, Inc., and Ray-0-Vac. Price 
50 cents. Address: National Electronic Dis
tributors Association (NEDA), 3525 W. Peter
son Ave., Suite 601 , Chicago, IL 60659. 

... You never heard it so good!!! 

CB-640 rear panel, and boom your tape out through the 
same external speaker. (3.) Mix your voice from the 
CB microphone with the program material on the tape 
recorder. Both voice and tape sound at the same time 
through the external speaker. ( 4.) Beam your received 
signal through the external speaker. 
Built-in standing wave ratio circuitry. Measures the effi
ciency of the antenna system for optimum performance. 

Other outstanding features include: Delta fine tuning 
control, digital synthesizer with phase-locked loop, 

automatic noise limiting switch, noise blanking switch, 
squelch control, RF gain control._ 

Also available: Aircommand CB-140; Aircommand 
CB-340. All 3 units bring you state-of-art design, flawless 
craftsmanship and day-in, day-out reliability. Try them out 
now at your Superscope Aircommand dealer. 

-::JllK'11mmonllby SUPERSCOPE. 

Selected for use by the California Highway Patrol. 

© 1977 Superscope , Inc., 20525 Nordhoff St. , Chatsworth , CA 9 131 L Prices and models subject to change without notice. 
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Needa3~digitDPM? 


Build your own LED or LCD 
panel meter and tailor it 
to fit your system. 

No external active components. 
Only 7 passive components needed 
for an operating DPM. 

Drives LCD or LED 
display directly. 

Part 

Built-in clock. 

Precision auto:zero/ 
auto-polarity circuitry. 

Order from lntersil Stocking Distributors. 

Arizona Phoenix: Liberty, (602)257-1272; Weatherford, (602)272
7144. California Anaheim: Weatherford, (714)547-0891, 633
9633. Costa Mesa: Schweber, (714)556-3880. El Segundo: Liberty, 
(213)322-8100. Glendale: Weatherford, (213)849-3451. Mountain 
View: Elmar, (415)961-3611. Pomona: Weatherford, (714)623-1261. 
San Diego: Liberty, (714)565-9171. Weatherford, (714)278-7400. 
Sunnyvale: lntermark, (408)738-1111. Colorado Commerce City: 
Elmar, (303)287-9611. Englewood: Weatherford, (303)761-5432. 
Wheatridge: Century, (303)424-1985. Connecticut Danbury: 
Schweber, (203)792-3500 . Hamden: Arrow, (203)248-3801. 
Florida Clearwater: Diplomat I Southland, (813)443-4514. Hol
lywood: Schweber, (305)927-0511. Ft. Lauderdale: Arrow, 
(305)776-7790. Georgia Atlanta: Schweber, (404)449-9170. 11
Unois Elk Grove Village: Schweber, (312)593-2740. Indiana ln

ICL7106 
LED display 
ICL7107 

LCD display 
Capacitors Capacitors 
Resistors Resistors 
Potentiometer Potentiometer 
PC board PC board 
Misc. Misc. 
Total kit cost $24.95 Total kit cost $29.95 

dianapolis: Advent, (317)297-4910. Maryland Baltimore: Arrow, 
(301)247 -5 200. Rockville: Schweber, (301)881-3300. Mae· 
sachusetts Billerica: Kierulff, (617)667-8331. Waltham: Schweber, 
(617)890-8484. Woburn: Arrow, (617)933-8130. Michigan 
Farmington: Sheridan, (313)447-3800. Troy: Schweber, (313)583
9242. Minnesota Bloomington: Arrow, (612)887-6400. Eden 
Prairie: Schweber, (612)941-5280. Missouri Kansas City: L-Comp, 
(816)221-2400. Maryland Heights: L-Comp, (314)291-6200. New 
Jersey Moorestown: Arrow, (609)235-1900. Somerset: Schweber, 
(201)469-6008. Totowa: Diplomat IPC, (201)785-1830. New 
Meidco Albuquerque: Century, (505)292-2700. New York Bing
hamton: Harvey Federal, (607)748-8211. Farmingdale: Arrow, 
(516)694-6800. Hauppauge: Components Plus, (516)231-9200. 
Rochester: Schweber, (716)461-4000. Westbury: Schweber, 
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Put itall together 
for aslittle as $24?5* 
Intersils new single chip 3%-digit 
7106 and 7107 AID converters 
for LCD or LED displays. 

Meet the latest in AID converters: lntersil's 7106, the first single-chip CMOS AID for driving 
LCD displays-including backplane-directly. 

And the 7107, first single-chip CMOS AID for driving instrument-size LED displays directly 
without buffering. 

Each provides parallel seven segment outputs, ideal for DVMs, DPMs and anywhere modern 
digital displays are needed. 

Both new devices provide cost advantages over multi-chip designs, because they require no 
additional active components. Both have internal reference and clock, and both are CMOS so you get 
low noise (12to15µV) comparable with the finest bipolar devices, and low power (lOmW max.@ lOV). 
A few more features: 

• ±1-count accuracy over the entire ±2000-count range. 
• Guaranteed to read Zero for 0 Volts input. 
• Provides true polarity at Zero count for precise null detection. 
• Differential input from 200mV to 2.000V full scale. 

Build a working DPM in %hour with 

these complete evaluation kits. 


Test these new parts for yourself with Intersil's low-cost prototyping kits, 

complete with AID converter and LCD display (for the 7106) or LED display (for 

the 7107). Kits provide all materials, including PC board, for a functioning 

panel meter. Available from Intersil stocking distributors. 


Kit No. ICL7106EVIKIT (LCD), $29.95 complete. 

Kit No. ICL7107EVIKIT (LED), $24.95 complete. 


(516)334-7474. North Carolina Raleigh: RESCO, (919)832-2077. 
Ohio Beachwood: Schweber, (216)464-2970. Cincinnati: Sheridan, 
(513)761-5432. Dayton: Arrow, (513)253-9176. Pennsylvania Hor
sham: Schweber, (215)441-0600. Pittsburgh: Sheridan, (215)244
1640. Te11aa Dallas: Schweber, (214)661-5010; Weatherford, 
(214)243-1571. Houston: Schweber, (713)784-3600; Weatherford, 
(713)688-7406. Utah Salt Lake City: Century, (801)972-6969. 
Washington Bellevue: Liberty, (206)453-8300. Seattle: Weather
ford, (206)243-6340. Wisconsin Oak Creek: Arrow, (414)764
6600. Canada Downsvlew, Ontario: Zentronics, (416)635-2822. 
Montreal, Quebec: Zentronics, (514)735-5361. Ottawa, Ontario: 
Zentronlcs, (613)238-6411. Vancouver, British Columbia: R.A.E. 
Ind., (604)687-2621. 
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Stereo Scene 

By Ralph Hodges 

RECORDS AND THE VERTICAL ANGLE 

WHAT THE world still lacks, surpris
ingly enough, is a really adequate 

conceptual model for a record player. To 
be sure, the overall principles have al
ways been obvious: the groove undu
lates, thereby wiggling the stylus, which 
is connected to an electrical generator, 
etc. But the intimate geometry of the 
way a record is played, taking place as it 
does on what is really a submicroscopic 
scale, remains somewhat obscure. Vinyl 
indentation affects stylus tracing in ways 
that are not wholly understood; frictional 
drag and other forces on the stylus as
sembly alter the geometry of the tracing 
and transduction situations in complex 
ways: the rate of stylus and record 
wear-and the form in which it manifests 
itself-is not completely predictable. Pe
riodically there are technical papers writ
ten to expand or refute existing theories 
of stylus-groove interaction, but the ulti
mately authoritative paper has yet to ap
pear. 

Fortunately, we don't have to fully un
derstand the record player to use it. In 
fact, the system seems to be surprising
ly tolerant of human error. A cartridge 
can be installed in a tonearm in five min
utes, using the crudest "eyeballing" 
techniques for alignment, and almost no 
one will object to the audible results 
achieved thereby. Considering that the 
stylus inhabits a world in which the mi-

CENTER 

OF ROTATION 


(PIV OT) 


\r STY LUS 
SHANK 

DIRECTION OF 
..,_GROOV E TRAV EL 

RECORD 

Diagram shows vertical tracking 
angle and stylus pi vot point . 

niscule wavelengths of visible light are 
beginning to become significant dimen
sions, its apparently obliging response 
to very slapdash alignment is a little 
unexpected. 

In the back of many a well-furbished 
mind there has always been the nagging 
idea that this can't be right ; that closer 
attention to record-player alignment 
must result in superior reproduction . The 
trouble is, no one's been able to demon
strate this to the satisfaction of the re
cord-playing world at large. 

The Shreve-Rabco Arm. About a 
year ago (November 1976) I wrote in 
this space of a modification to the Rabco 
SL-8 and SL-BE tonearms performed by 
Dr. David Shreve (Department of Math
ematics, University of Wisconsin). At 
that time I referred only obliquely to sev
eral interesting claims made by Dr. 
Shreve, among them being that the ver
tical angle (the "rake angle, " as it is of
ten called) at which the stylus impinges 
on the record surface as viewed from 
the side is critical to within a very small 
fraction of a degree. 

Dr. Shreve referred to his findings as 
being totally empirical, and he has never 
shown any inclination to "dignify" his 
claims with any nice, neat explanatory 
theory (although there are some very at
tractive ones free for the taking) . His atti
tude has always been : " I can demon
strate the phenomenon, and if you can 
hear it (and apparently everyone has so 
far) you're free to make of it what you 
will .' 

I have been "making what I will" of all 
this ever since, and my conclusion
supported by the informed opinions of 
others who have looked into the mat
ter-is that we have at hand a very basic 
and nontrivial demonstration of how 
disc-playing systems can be significant
ly improved. 

The Scanning Aperture. Shortly af
ter my first meeting with Shreve, 
brought his work to the attention of 
Mitchell Cotter, founder and chief execu
tive of Verion Audio and a researcher 
with a long and varied background in 
many areas of practical and theoretical 
audio. As it happened, Cotter was al
ready convinced of these effects' exis
tence, although he had not fared notably 
better than others in demonstrating their 
audibility. He was, however, somewhat 
surprised by Shreve's reports on the cri
ticalness of the vertical angle. True, the
ory seemed to predict this, but theory 
had not quite been batting 1000 in corre
sponding to the perceived and/or mea
surable world of record playing. 

What exactly does theory seem to 
predict? I couldn't begin to deal with the 
complexities here, even if they could be 
pursued profitably in a nonmathematical 
presentation. But some of the individual 
effects can be mentioned. Imagine view
ing the stylus (a Shibata or other type of 
"line-contact" CD-4 stylus) from the side 
as it traces a record groove. If the rake 
angle is correct, the stylus' contact line 
will be parallel with the modulation angle 
of the groove. If it is not, the upper part 
of the stylus will either lead or lag the 
lower part in tracing the groove. 

So far the situation seems analogous 
to tape-head alignment. When the azi
muth of a playback head is disturbed, 
the "scanning aperture" corresponding 
to its gap becomes effectively wider, and 
high-frequency response begins to fall 
off in the same way as it would if the gap 
were physically wider. However, while 
the "effective" edge of the stylus is also 
a scanning aperture, a simple loss of 
high-frequency response is not the only 
predictable result of incorrect rake an
gle . Whether azimuth is right or not, a 
tape head is always scanning the flat 
plane of the tape surface. The stylus 
"sees" a flat plane from a modulated 
groove only when its rake angle is abso
lutely on the button. Otherwise it 
traces-or tries to trace-a curvature 
that can become rather complex, with 
the skewed contact line of the stylus do
ing its best to strike a rough average be
tween the various groove contours it is 
encountering. Also, groove curvature is 
a definite factor in stylus indentation of 
the record material , so that a further am
biguity in tracing is introduced. 

At this point, let's consider the several 
dimensions in which a stylus moves. 
Ideally, all its excursions take place with
in a curved plane-a section of the shell 
of a sphere that has its center at the sty

( continued on page 20) 
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•ta1 computer 
NRI is the only 

school to train you 
at home on a real 
digital computer. 

Learn computer design , con
struction, maintenance and pro
gramming techniques on your 
own programmable digital com
puter. 

Qualified technicians are 
urgently needed for careers in 
the exc iting new field of digital 
and computer electronics .. . 
and the best way to learn digi
tal logic and operations is now 
available to you in NRl's Com

displays the result instantly . 

The NRI digital computer is one 
of 10 kits you receive in the 
NRI Complete Computer Elec
tronics Course . You build and 
use your own TVOM, and 
experiment with NRI 's exclusive 
Electronics Lab. You perform 
hundreds of experiments, build
ing hundreds of circuits, learn
ing organization, operation, 
trouble-shooting and program

plete Computer Electronics 
Course . 

This exclusive course trains you 
at home on your own digital 
computer! This is no begin-
ner 's " logic trainer " , but a 

complete programmable digital 
computer that contains a 
memory and is fully automatic. 
You build it yourself and use 
it to define and flow-chart a 
program, code your program , 
store your program and data 
in the memory bank. Press 
the start button and the com
puter solves your problem and 

ming . 

New NRI Memory 
Expansion Kit 
The Model 832 NRI Digital Com
puter now comes with a new Mem
ory Expansion Kit. Installed and 
checked out in 45 minutes , it dou
bles the size of the computer's 
memory, significantly increasing the 
scope and depth of your knowl
edge of digital computers and pro
gramming. With the large-scale IC's 
you get the only home training in 
machine language programming 
... experience essential to trouble
shooting digital computers . 
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complete with 
designed-for-learning 
25" diagonal solid state 
color TV and a 4
speaker SQ '" Quadra
phonic Audio System. 
NRI gives you both TV 

training . 
With the 
Master 
Course, 
for 
instance, 
you build 

your own 5" wide-band 
triggered sweep solid 
state oscilloscope, digi 
tal color TV pattern gen
erator, CMOS digital fre
quency counter , and 
NRI electronics Discov
ery Lab. 

· ~Trademark ol CBS In c 

NRI offers you five 
TV I Audio Servicing 
Courses 
NRI can train you at home to ser
vice Color TV equipment and 
audio systems. You can choose 
from 5 courses, starting with a 
48-lesson basic course , up to a 
Master Color TV I Audio Course, 

and Audio servic ing for hundreds 
of dollars less than the two 
courses as offered by another 
home study school. 

All courses are available with low 
down payment and convenient 
monthly payments . All courses 

provide profes
sional tools and 
" Power-On" 
equipment along 
with NRI kits 
engineered for 

NRl's Complete Communications Course 
includes your own 400-channel 
VHF transceiver 
NRl 's Complete Communications 
Course wi ll train you at home for 

one of the 
thousands 
of service 
and mainte
nance jobs 
opening in 
CB; AM and 
FM trans

mission and reception ; TV broad
casting ; microwave, teletype, 
radar, mobile , aircraft , and marine 
electronics. The complete pro
gram includes 48 lessons, 9 spe
cial reference texts , and 10 tra in
ing kits. Included are: your own 
"designed-for-learning " 400
channel VHF transceiver; elec
tronics Discovery Lab '"; CMOS 
dig ital frequency counter; and 
more. You also get your all 

important FCC Radio-telephone 
License, or you get your money 
back . 

CB Specialist Course 
also available 

NRI also 
offers a 37 -lesson course in CB 
Servicing wi th you r own CB Transceiver, AC 
power supply, and multimeter . Also included 
are 8 reference texts and 14 coaching units 
to make it easy to get your Commercial 
Radiotelephone FCC License. 

You pay less for NRI training and you 
get more for your money. 
NRI employs no salesmen, pays no com
missions. We pass the savings on to you 
in reduced tuitions and extras in the way 
of professional equipment, testing instru
ments , etc. You can pay more. but you 
can 't get better training . 

More than one million students have 
enrolled with NRI in 62 years. 
Mail the insert card and discover for your
self why NRI is the recognized leader in 
home training . Do it today and get started 
on that new career. No salesman wi ll ca ll. 

If card is missing write : 

NRI NRI SCHOOLS 
McGraw-Hill Continuing 

~J rj r. Education Center
"=j.• 3939 Wisconsin Avenue
I.MI Washington , D.C. 20016 
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lus's pivot point. Also ideally, the shell is 
almost infinitely thin. However, especial
ly in the case of a line-contact stylus. an 
error in rake angle "thickens" the shell, 
with resulting phase-time ambiguities. 
Such errors are inevitable; even vertical 
stylus excursions produce them . But at 
what point, if any, do they become audi
bly detrimental? And what is their effect 
when they combine with other errors in 
tracing geometry? 

The Listening Approach. Since the 
means (the Shreve/Rabco arm) 
seemed to be at hand, we decided to let 
theory rest for the time being and work 
toward empirical findings with listening 
tests. The Rabco SL-8/SL-8E arm , as 
you may be aware, is (or was ; it is no 
longer made) a radial-tracking mech
anism. The arm carriage transits on an 
aluminum track that has vertical screws 
at either end to facilitate height and le
velling adjustments. Thus the stylus 
rake angle can be varied minutely and 
repeatably everi while a record is play
ing, without doing any great violence to 
other parameters of cartridge alignment 
(we invariably found ourselves working 
with a range of rake angles spanning 
considerably less than a degree of dif
ference). This, plus its other refine
ments, made the arm a viable experi
mental tool in our judgment. 

Once we (Dr. Shreve, Mitchell Cotter, 
and I, for the most part) had confirmed 
that we could hear these seemingly 
small differences and could agree on 
what the " right" sound was, we evolved 
individually for the most part, but with 
close agreement later on) a number of 
working hypotheses. 

(1) The optimum vertical adjustment 
should not be the same for every record . 
Variables such as different record-cutter 
geometries. different cutting practices, 
and even different record thicknesses 
would logically prevent this . 

(2) A warped record should make the 
optimum vertical adjustment less easy 
to achieve, if it could be achieved at all. 

(3) Adjusting the carriage track of the 
arm so that it is not quite parallel with the 
record surface should result in a change 
of vertical angle over the record side, 
and therefore a change in the " sound. " 
(It would also result in slight changes of 
other alignment parameters; the big 
questions concerned which changes, if 
any, would be most audible.) 

(4) A true line-contact CD-4 stylus 
should be quite critical to adjust ; and 
once properly adjusted, it might conceiv
ably yield performance superior to that 
of a "conventional" stylus. 

(5) A change in stylus force should 
change the rake angle. and hence the 
" sound." 

After about a year of listening, our 
general observations are as follows . 

(1) The optimum vertical angle is not 
the same for every record . With the rec
ords we have sampled we've encoun
tered a range of "optima" spanning a 
mere 25 minutes (!) of arc. However, 
some records audibly perform quite 
badly when used with a different rec- . 
ord 's optimum setting , although they 
may sound very good when individually 
compensated for. 

(2) Warped records are not as difficult 
to adjust for as anticipated. An attempt 
at explaining this must await further 
work. It is true that we've not been ex
traordinarily successful in obtaining 
warped and unwarped copies of the 
same record . It almost appears that a 
given release is either unwarped or 
warped , although the warps are usually 
not the same. We have not attempted to 
deliberately warp any records. 

(3) Making the carriage track nonpar
allel to the record surface alters the 
sound over a record side in an identifi
able way. Deliberately misaligning the 
effective length of the radial arm to cre
ate a similar change in lateral tracking
angle error over the record side does not 
seem to alter the sound as recognizably. 
But this test lacks a certain amount of 
rigor. 

(4) CD-4 styli are typically easier to 
set at optimum vertical angle; the "op
timum" is much less ambiguous. When 
so set, they consistently (audibly) out
perform comparable cartridge models 
fitted with spherical or "conventional " bi
radial stylus tips . 

(5) Altering the vertical stylus force 
seems to produce the expected change 
in "sound." In fact , in some cases small 
changes in stylus force have seemed to 
be as effective as small changes in verti
cal angle in achieving the most listena
ble results . (In all cases the stylus-force 
changes have been very small, and al
ways well within the recommended 
tracking-force range of the cartridge 's 
manufacturer. Measurement of the 
force , with one exceptional instance, 
has always been consistently repeat
able with the Shreve arm and a tracking
force gauge of high reliability and resolu
tion [within 1 / 1 Ogram].) 

And What Is the Sound? While we 
agree when the verticle adjustment is 
correct to our ears, we do not always 
use the same language to describe what 
we hear when it is not to our liking. High 

frequencies are affected most profound
ly, to the point where sharp sibilance on 
voice recordings can be reduced to al
most no sibilance. There is a noticeable 
change in the quality of whatever noise 
is present on the record , so that it be
comes subjectively smoother. less ob
trusive , and less troubled by what sub
jectively seems to be a periodic modula
tion effect. Whatever stereo perspective 
is present on the record seems dramati
cally enhanced , with sharper and stabler 
positioning of sound sources both left to 
right and forward to back (although we 
think we have occasionally discovered 
" faults" in the stereo perspective of 
some recordings as a result of optimum 
adjustment) . 

The Unanswered Questions. The 
vertical cutting angle adopted in making 
a record is established at the discretion 
of the mastering engineer. A fairly com
mon practice is to use a special test rec
ord as a vertical reference while the cut
ting head is set up. However, we have 
heard of instances in which the cutter's 
vertical angle has been slightly modified 
to achieve a smoother or quieter cut. 

The variations in vertical angle from 
record to record we have found are 
probably small enough to be accounted 
for by differences in test records, or 
even differences in set-up procedures 
when the same test record is used. 
However, the precise roles that these 
and other factors play in the vertical
angle situation are far from clear to us at 
present . 

Several other questions remain. One 
concerns the matter of deformations in 
the ideally flat surface of the record, and 
what part they could or should play in 
properly defining the correct vertical an
gle. Another question asks whether 
there is (as would seem logical) an op
timum relationship between rake angle, 
vertical tracking angle, and stylus force , 
since the first two would certainly 
change with an alteration of the third , but 
not necessarily in the same direction 
with respect to an optimum adjustment. 

Perhaps the ultimate question is 
whether a significant number of com
mercially available arms and record 
players (as opposed to the custom-built 
and carefully adjusted equipment in our 
hands) can reveal the effects of these 
minute variations in alignment. Thanks 
to Mr. Cotter's efforts, the first tentative 
answer to this question seems to be 
moving toward a qualified "yes." And 
thus it appears certain that you 'll have 
heard far from the last of this matter 
when you lay down this magazine. 
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THE INTEGRATED DC AMPLIFIER 
· ·HAS ARRIVED. 

Gone i~ phas.e distortion. Gone is t~me- It is an amplifier so advanced even the i
1 

pre-amp hos its own power sugply. _1
_It is the next generationKenwood. The unit 

a l ed against. Just as 
Its response is flat down to 0 Hz. It has they were when we pioneered aual ~ewer 
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The Kenwoo<1 

amplifier is here: 

three power supplies. The Total Har
monic Distortion is 0.03% over.the full 
frequency range of 20-20k Hz. The 
Signal-to-Noise ratio is 83 dB at 2.5 
mV. It has thebestphone sensitivity 
(0.8 mV) of any integrated ampli

supplies. · 
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The KA-9100 integrated DC am
plifier. With 90 watts per channel, 
minimum RMS, at 8 "Ohms from 20 
to 20,000 Hz with no more than 
0.03% Total Harmonic Distortion. 

it costs less than Ss'OO~ 



Julian Hirsch HIRSCH/HOUCK LABORATORIES 

Audio Reports 

PROS AND CONS OF MULTl·WAY 
SPEAKER SYSTEMS 

I T HAS long been recognized that a single loud
speaker cone cannot properly reproduce the full au

dible frequency range. Nevertheless, a single speaker 
is still widely used, as in TV receivers, automobile ra
dios , and low-priced home radios and record players 
for that impossible task. Here, a degree of effective
ness is made possible only by a reduction in quality 
standards, which would not be acceptable in a high
fidelity system. 

The examples mentioned above cannot be called 
"hi-fi" by any stretch of the imagination, although 
sometimes, against all reason, that claim is made for 
them. Even a minimum quality component speaker 
system uses at least two drivers to cover the audio 
range, and more expensive ones divide the audible 
spectrum into three or even four bands . It is thus quite 
natural to assume that more separate frequency bands 
in a speaker system result in better quality. 

The foregoing assumption may be natural, but it is 
not necessarily correct. In fact, in the absence of other 
information, there is no reason to conclude that a 
three-way system is better than a two-way system or 
even as good. To see why this is so, let us consider the 
reasons for dividing up the reproduction task among 
several drivers. 

To generate appreciable amounts of acoustic power 
at low frequencies, a large volume of air must be 
moved by the speaker cone. This can be done by using 
a large cone area with a relatively small excursion, or 
a smaller cone with a large excursion. Both methods 
are capable of good results, but the popular acoustic 
suspension speakers are based on the latter approach. 
To get a reasonably flat, smooth bass response, it is 
not sufficient simply to use the largest possible speak
er diameter, or to increase the size of the enclosure. 
These two factors, together with a host of other speak
er parameters, are interrelated. Once a certain per
formance standard has been decided upon, neither 
can be changed without a corresponding change in 
the other. The value of a proper bass speaker design is 
demonstrated by the many small speakers, with woof
ers only 6 to 8 inches in diameter, whose bass re
sponse extends to 40 Hz or even lower. 

A larger cone diameter gives the designer several 
possible options for improved performance. The low
er limit of the speaker's response could be extended 
(perhaps together with reduced distortion), or its effi
ciency could be increased. Since nothing in this 

world is truly free, what disadvantages might result 
from such a change? 

A woofer cone can deliver its calculated flat re
sponse only in the limited frequency range within 
which it moves as a piston. At higher frequencies, 
where the speaker diameter becomes an appreciable 
fraction of the acoustic wavelength, the response be
comes irregular, as well as increasingly directional. 
The massive cone, which is advantageous for a woof
er, becomes a liability at higher frequencies. Here, low 
moving mass is necessary to allow the cone to reverse 
direction hundreds or even thousands of times each 
second. Therefore, whatever the size of the woofer, 
above some selected frequency the signal energy must 
be diverted from it to another speaker more suitable 
for that range. The choice of a "crossover" frequency 
is not entirely arbitrary since it must take into account 
the high-frequency aberrations in the woofer's re
sponse, and the low-frequency limitations of the 
smaller speaker. A "tweeter," as the high-frequency 
driver is usually called, is much smaller in diameter 
than the woofer, and has a much lighter cone and 
voice coil structure. The low mass allows it to re
spond more rapidly to high-frequency signals, while 
its smaller diameter gives the sound a wide polar dis
persion instead of "beaming" it forward , as happens 
when the cone diameter is comparable to the wave
length of the sound. At very high frequencies, even an 
ordinary tweeter cone may be too large to give the de
sired response, necessitating a second crossover to a 
still smaller speaker. This is known as a "three-way" 
system, in contrast to the simple "two-way" system 
comprised of a woofer and a single high-frequency 
driver. 

Here are some considerations on the relationship 
between the size of the several drivers and the choice 
of crossover frequencies. In a typical small speaker 
system, with a woofer 8 inches or less in diameter, it 
is feasible to cross over to the tweeter as high as 2000 
Hz, or even higher in some cases. At that frequency, a 
specially designed dome or small cone tweeter is used 
instead of merely a miniature version of the woofer. 
With a cone diameter of 1 to 1 !-2 inches such a speaker 
can give satisfactory results up to 15,000 Hz or even 
beyond. While it is possible (and sometimes done) to 
cross over to a third "super tweeter" at a very high fre
quency, such as 7,000 to 10,000 Hz, the benefits 
would be negligible . The high-frequency dispersion 
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Reg . Rate: 12 Issues lor S9.98 

(71) FOUR WHEELER You p ay only S5.49 
Reg. Rate : 12 Issues fo r S9 .50 

(28) 	 MECHANI X ILLUSTRATED You pay only S5.96 
Reg . Rate: 18 Issues fo r S9 .97 

(34) 	PLAYBOY You pay only S12.00 
Newsstand Rate : 12 Issues lor S19 .00 
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Reg. Rate: 12 Issues for S12 .00 

(07) 	 POPULAR PHOTOGRAPHY You pay only S4 .99 
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(35) 	 POPULAR SCIENCE You pay only $5.97 
Reg . Rate : 18 Issues for S11.91 

(08) 	 PSYCHOLOGY TODAY You pay only $6.9 7 
Reg . Rate : 12 Issues for S12.00 

(56) 	ROLLING STONE You pay only $9.00 
Reg . Rate: 26 Issues fo r $18 .00 

(09) 	 SKIING You pay onl y S4 .99 

Newsstand Rate: 7 Issues for SS. 75 


(11) 	 STEREO REVIEW You pay only S3 .99 

Reg . Rate : 12 lssµes for S7.98 


(40) 	 TIME You pay only $12 .50 

Newsstand Rate : 25 Issues fo r $25 .00 


(41 ) TV GUIDE You pay only S8 .35 
Lowes t Avai lable Sub . Rate for 32 Issues 



State of the art 

at affordable prices. 

·.·· 

Great Jumpers are here! 
flat cable connector assemblies ... 

Great Jumpers come to you fully pre-assembled 
and fully pre-tested. Cable strain reliefs are integral to 
the molded-on connectors. And we've designed in 
complete line-by-line probeability with probe access 
ports behind each contact. 

Our connectors are industry standard; two parallel 
rows of contacts, spaced every .1 ". 

Great Jumpers come in five popular cable widths: 
20, 26, 34, 40 and 50 lines wide, and in lengths ranging 
from 6" to 36" . 
. Available now at the distributor near you who car

ries the A P Products Faster and Easier Line. 
Our distributor list is growing daily. For the name 

of the distributor nearest you call Toll-Free 
800-321- 9668. 

Send for our complete AP catalog, the Faster and 
Easier Book. 

Faste• and easleit we'•e all abou~ 

AP PRODUCTS INCORPORATED 
Box 110 • 72 Corwin Drive Painesville, OH 44077 (216) 354-2101TWX:810-425-2250 

might be improved by using a second, smaller tweet
er, but the effect is likely to be rather subtle. 

Suppose that a larger woofer, 10 or 12 inches in 
diameter, is used. Such a speaker cannot function op
timally much above 1000 Hz, and the crossover to the 
next driver usually takes place between 500 and 1000 
Hz. At that frequency, a small dome tweeter cannot be 
used either because its light voice coil could easily be 
burned out by the concentration of program energy in 
the midrange. Furthermore, the large cone excursions 
needed would be impractical for such a driver. 

To cover this frequency, a larger version of the 
dome tweeter is sometimes used (this can be expen
sive) . But more frequently, the midrange driver is a 
conventionally appearing cone unit that's about 3 to 5 
inches in diameter. This can handle the midrange 
power, but its useful upper frequency limit is perhaps 
several thousand hertz. For full-range reproduction, 
there is a second crossover to a true tweeter, usually 
in the 3000-to-5000-Hz range. From this we can see 
that a speaker based on large low-frequency drivers or 
designed for use at high volume levels has to have 
three drivers do what can be done fairly well at lower 
levels by a smaller two-way system. 

Sometimes we encounter four-way systems, al
though this is a refinement limited to fairly exotic and 
expensive speakers. Usually, a very small super
tweeter is added to a more conventional three-way 
system, with a crossover at 10,000 Hz or even higher. 
Alternatively, the fourth driver can be added at the 

low-frequency end, crossing over from the woofer to 
an upper-bass or lower mid-range driver in the 100
to-300-Hz region. The upper-bass speaker is normally 
a small woofer that measures about 8 inches in diame
ter. Together with the higher frequency drivers, it acts 
as the woofer of a three-way system. 

If a super tweeter is used, especially at frequencies 
near the limits of human hearing, its benefits may be 
marginal. Little program material has much content 
in that range, except for noise. Thus, the principal 
benefit of a super tweeter may be an airier quality due 
to improved dispersion. 

The rationale for using a very low woofer crossover 
frequency is that the large woofer cone excursions at 
low frequencies tend to modulate higher frequencies 
in the program band handled by the woofer. Even if 
the speaker is perfectly linear, high frequencies ra
diated by a cone simultaneously handling low fre
quencies will be frequency-modulated (the Doppler 
effect). This produces a modulation distortion very 
much like that resulting from woofer nonlinearity. By 
restricting the woofer to a narrow frequency range, 
the likelihood of such intermodulation is reduced. Of 
course, this places an added burden on the next high
er frequency driver, which often carries the bulk of 
the audible program content and must do so with a 
minimum of distortion. 

We have seen how the number of crossovers in a 
speaker system is determined by the limitations of its 
individual drivers, the cabinet size, and the degree of 
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Powerful in computing muscle, yet 
small in physical size, the Altair'm680b offers many 

special features at an affordable price. Based 
on the 6800 microprocessor, the 680b comes .with lK 

of static RAM, Serial 1/0 port , PROM monitor and 
provisions for lK of PROM as standard components. 

Its good thinking, when you'rt:: interes~ed in making a 
modest investment on a highly reliable computer, 

to consider the Altair 680b. 
Our PROM monitor eliminates the necessity for toggling 

front panel switches to load 
bootstraps or manipulate 
memory contents. Only a 

terminal and programming 
language are requ ired for 

complete system operation. 
With Altair System software

Altair 680 BASIC, assembler 
and text editor-you may 

begin problem solving 
immediately with ease. 

By adding the 680b-MB 

Expander card, many options 


are currently available: 

·~ 16K Static Memory Board
Increase your system memory 
with 16K bytes of fast access 
(215 ns), low power (5 watts 
per board) static RAM. 680 
BASIC and assembler/text 

editor are included free with purchase. 
':'Process Control Interface-A PC card that uses optically 
isolated inputs and relay outputs that transmit sensory 
information to and control sig.nal~ fror:n the computer.. A 
diverse world of control applications 1s opened up with 
the Altair 680b-PCI. 

':'Universal Input/Output Board-If your 1/0 needs exceed 
the serial port already on the main board, augment your 
1/0 channels with the 680b-Ul/O. By implementing the 
optional serial port and two parallel ports, you can simul

taneously interface to four 
terminals. 

'~New Addition-Kansas City 
Audio Cassette Interface
Use the 680b-KCACR to inter
face your Altair 680b with an 
audio cassette recorder for 
inexpensive mass storage of 
programming languages, pro

grams and data. 

Available in either full front 

panel or turnkey models, the 
Altair 680b presents many 
computing capabilities at a 
low cost-without skimping 
on performance. See it today 
at your local Altair Computer 
Center or contact the factory 
for further details. 

Good Thinking. 


2450 Alamo S.E. Albuquerqwe, New Mexico 87106 
dealer imquiries invited. 
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~ Director 
Cleveland Institute of Electronics 

At CIE,yon get
electronic s 
career 
training
fro1 I 
specialists. 
Ifyou' r e interested in lea1-ning how to fix ab· 

eonclitioners, serviee ears or install heating 

systems - talk to some other sehool. But i f 

you' re serious about eleetronies, eome to 

CIE-The Eleetronies Specialists. 


~!.tojecL
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.......y father always told me that
.l.l""I there were certain advan
tages to puttin$ all your eggs in one 
basket. "John, ' he said, "learn to 
do one important thing better than 
anyone else, and you'll always be 
in demand." 

I believe he was right. Today is 

the age of specialization. And I 

think that's a very good thing. 


Consider doctors. You wouldn't 
expect your family doctor to perform 
open heart surgery or your dentist to 
set a broken bone, either. Would you? 

For these things, you'd want a 

specialist. And you'd trust him. Be

cause you'd know ifhe weren't any 

good, he'd be out ofbusiness. 


Why trustyour education 
and career future to 
anything less than a 
specialist'l 

You shouldn't. And you certainly 
don't have to. 

FACT: CIE is the largest inde

pendent home study school in the 

world that specializes exclusively 

in electronics. 


We have to be good at it because 
we put all our eggs in one basket: 
electronics. Ifwe hadn't done a good 
job, we'd have closed our doors 
long ago. 
Specialists aren't for 

everyone. 


I'll tell it to you straight. Ifyou 
think electronics would make a nice 
hobby, check with other schools. 

But ifyou think you have the 
cool-and want the training it takes 
- to make sure that a sound blackout 
during a prime time 1V show will be 
corrected in seconds - ·then answer 
this ad. You'll probably find CIE has 
a course that's just right for you! 

At cm, we combine 
theory and practice. You 
learn the bestof both. 

Learning electronics is a lot 
more than memorizing a laundry list 
offacts about circuits and transis
tors. Electronics is interesting be
cause it's based on some fairly recent 
scientific discoveries. It's built on 
ideas. So, look for a program that 
starts with ideas - and builds 
on them. 

That's what happens with CIE's 
Auto-Programmed® Lessons. Each 
lesson uses world-famous 
"programmed learning" methods to 
teach you important principles. You 
explore them, master them com
pletely ... before you start to 
apply them! 

But beyond theory, some ofour 
courses come fully equipped with 
the electronics gear to actually let 
you perform hundreds of checking, 
testing and analyzing projects. 

In fact, depending on the course 
you take, you'll do most of the basic 
things professionals do every day
things like servicing a beauty of a 
Zenith color1V set. .. or studying a 
variety ofscreen display patterns 
with the help ofa color bar generator. 
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Plus there's a professional quality 
oscilloscope you build and use to 
"see" and "read" the characteristic 
waveform patterns ofelectronic 
equipment. 

You work with experi
enced specialists. 

\\'hen you send us a completed 
lesson, you can be sure it will be 
reviewed and graded by a trained 
electronics instructor, backed by a 
team oftechnical specialists. Ifyou 
need specialized help, you get it fast 
... in writing from the faculty spe 
cialists best qualified to h andle 
your question. 
People who have known 
us a long time, think of us 
as the "FCC License 
School." 

We don't mind. We have a fine 
record ofpreparing people to take ... 
and pass ... the government
administered FCC License exams. 
In fact, in continuing surveys nearly 
4 out of 5 of our graduates who take 

the exams get their Licenses. You 
may already know that an FCC 
License is needed for some careers 
in electronics - and it can be a 
valuable credential anytime. 

Find out more: Mail this 
card for your FREE 
CATALOG today: 

If the card is gone, cut out and 
mail the coupon. 

I'll send you a copy ofCIE's 
FREE school catalog, along with a 
complete package of independent 
home study information. 

For your convenience, I'll try to 
arrange for a CIE representative to 
contact you to answer any questions 
you may have. 

Remember, ifyou are serious 
about learning electronics ... or 
building upon your present skills, 
yom best bet is to go with the elec
tronics specialists-CIE. Mail the 
card or coupon today or write CIE 
(and mention the name and date of 
this magazine), 1776 East 17th 
Street, Cleveland, Ohio 44114. 

Patterns shown on TV and oscllloscope screens are s!Jnulated. 

r····------·------· 

CIE Cleveland Institute of Electronics, Inc.I 1776 Eas t 17th Street. Clev eland, Ohio 44114I Accredited Member National Home Study Counc il 

D YES ... John, I want to le arn from the specialists in electronics-CIE.I Send me 111 , . FREE CIE school catalog- includ!J1_g details_ about troubleshooting 
courscs- i»lu s my FREE package of h ome study 111fonnat10n . PE-42 

I Print l\a mc 

I Address_____ _____________Apt. - ------ 

• City _ _________________ _ 

State-------------------~1P'--------I .Phone (area code) __________ 
Age~----------~ 

I D Active DutyCheck box for G. l. Bill information: D Veteran

I Mail today:

• 
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subjective refinement that is desired. (It is difficult, if 
not impossible, to actually measure the benefits of 
some multi-way speaker systems, especially in view 
of the aberrations introduced by any crossover net
work, let alone a four-way network.) 

Having made side-by-side comparisons between 
two- and three-way systems based on similar drivers 
and cabinet dimensions, we can attest to the added 
openness imparted by a good three-way design. It is a 
fairly subtle effect, however, and might not be detect
able without such a comparison. On the other hand, 
we have often been impressed by the similarity in 
sound quality between some good, small two-way 
speaker systems and vastly larger (and more expen
sive) three- or four-way systems. There is not much 
mystery to this effect, since it means that the speakers 
involved have been designed to give a uniform energy 
response with better than average dispersion. Their 
similarity is clearly evident in the measured frequen

cy response. Consequently, it is not surprising that 
they sound very much alike in their basic octave-to
octave balance and freedom from coloration. The 
low-frequency limitations of the small speakers are 
usually evident only below 50 Hz or so, where most 
programs have little energy. 

The Speakerlab 7 speaker reviewed here is a three
way system, and from its use of two full-size (10- and 
12-inch) woofers it is easy to understand why a three
way design was necessary. The first crossover at 700 
Hz was dictated by the high-frequency limitations of 
the woofers, and a rather large horn driver was need
ed in the midrange to operate down to that frequency . 
A horn of this size cannot do a good job at the highest 
audio frequencies, making it necessary to cross over 
to a second smaller horn at 5000 Hz. A speaker with 
the efficiency and power handling ability of this one 
could not have been made with a simple two-way 
configuration or in a smaller cabinet. 0 

AKAi MODEL GX·270D·SS FOUR-CHANNEL TAPE RECORDER 

Synchronous recording function permits multitrack taping. 

.. ,_ 
- ' - I ~ 

'"'!' '"') ,...... 
I ® l!J 

®® 

Paradoxically, at 
a time when inter
est in quadra
phonics is not 
especially strong, 

a number of open-reel tape recorders on 
the market feature 4-channel capabili
ties. The indication here is that home re
cordists are using these decks to build 
up multitrack recordings in a manner 
similar to that used by professional re
cording studios, rather than for record
ing and listening to 4-channel tapes. 

Akai's Model GX-2700-SS 4-channel 
open-reel tape recorder is in this catego
ry, having the synchronous recording 
capability that makes it possible to ob
tain multitrack recordings. Its "Quadra 
Sync" recording system can be used in 
both the 2- and 4-channel modes. The 
deck also features a direct-driven cap

stan, 7V:i- and 3¥<!-ips {19.1 and 9.5 
cm/s) speeds, and a bidirectional play
back feature for stereo operation . The 
transport is solenoid controlled . 

The recorder measures 18.3"H x 
17.3'W x 7.5"0 {46.5 x 44 x 19.5 cm) 
and weighs 39.2 lb (17.8 kg) . Its nation
ally advertised value is $875. 

General Description. An ac servo 
motor is used to directly drive the cap
stan of the recorder, eliminating the 
belts and pulleys usually found in tape 
drives. Pushbutton switches are used to 
select the operating speed and simul
taneously switch in the appropriate 
equalization characteristic. The hubs 
can accommodate tape reels up to 7" 
{17.8 cm) in diameter. Each hub is driv
en by its own eddy-current motor. 

The bidirectional playback mech
anism can be initiated either automati
cally by conducting foil on the tape's 
leader or manually by pressing a switch. 
The main transport functions are con
trolled by six pushbutton switches, 
through solenoid actuators. They in
clude normal and fast speeds in both di
rections, STOP, and REC interlock func
tions. A "flying start" recording can be 
made from play by simultaneously hold
ing down the normal play button and 
pressing the REC button. A separate 
PAUSE button stops the tape without dis
engaging the recording function. 

A small PITCH CONTROL knob to the 
left of the tape heads can be used to ad
just the tape speeds over a nominal 
± 5% range. It has a detented center po
sition, which gives the nominally correct 
tape speed. This control operates when 
the transport is in both the record and 
the playback modes. So, it can be used 
to correct the pitch of a reference track 
when making a Quadra Sync recording. 
Below the PITCH CONTROL are the POW

ER switch and two TAPE SELECTOR but
tons (for low-noise and wide-range 
tapes) and the speed selector buttons. 

There are five pushbuttons in the 
Quadra Sync system. Four are for in
dividual channel selection and the fifth 
allows you to select either the 2- or the 
4-channel mode of operation. 

Four VU meters light according to the 
mode selected. In the 2-channel mode, 
only the channels 1 and 3 meters light, 
while in the 4-channel mode, all four me
ters light. A red light above each meter 
glows when that channel is in the re
cording mode. This gives a very clear in
dication of the operation of the Quadra 
Sync system, since pressing any of the 
system's buttons disables the erase and 
record function for that channel, simul
taneously extinguishing the correspond
ing red light. 

The settings of the concentric play
back level controls do not affect the me
ter readings. A MONITOR switch con-
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President. Better than CB really has to be. 

Nobody needs a 134 M PH spo rts 

car to ge t to wo rk and back . A nd you 
probabl y don ' t need a CB as good as a 
Pres ident. But maybe ... ju st 
maybe ... you wa n t one. 

You want 40 chann els. Yo u wa nt 
all th e littl e ex tras like va ri able mike 
gain , del ta tun e, LED ch annel 
readout and ANL. 

Eve ry si ngle 
Pres ident CB- no t 
ju st o ne in 
twenty- is 
tho roughly 
tes ted to make 
sure it wo rks perfectly befo re it 
leaves the fac to ry. 

And eve ry single Pres ident 
CIRCLE NO 50 ON FREE INFORMATION CARO 

incorpo rates hi gh tec hnology like IC 
chips and o ur new co mpression circuit 

fo r superio r talk pow er. 
Maybe we've gon e too fa r 

w ith th e simple CB . But maybe . .. 
ju st maybe . . . yo u won 't settl e for 

anything less . 

Engineered to be the very best. 
Presidenr Electronics, Inc. 

16691 Hale Avenue · Irvine, CA 92714 · (714) 556-7355 
ln Canada: l ectron Radio Sal~ l td., Onrario 



FR EQU ENCY (Hz) 

R ecor d/ play bac k response using M emorex Quantum tape at 71'2 and 3:U ips. 

nects either the input signal or the play
back amplifier output to the line output 
terminals. Four separate 114" (6.4-mm) 
phone jacks are provided for the micro
phones, which should be medium 
impedance (600-ohm) dynamic types. 
There are also two stereo phone jacks 
for monitoring the front and rear chan
nels. For best results, the phones should 
have an 8-ohm impedance. Below each 
VU mete.r is a concentric pair of record
ing level controls for that meter's chan
nel (one each for the MIC and line inputs, 
which can be mixed). 

On the rear of the recorder are the 
four pairs of line inputs and outputs and 
a socket for an optional remote control 
accessory. 

The specifications of the Model 
GX-2700-SS are consistent with the re
quirements for a high-quality home tape 
recorder. Based on the use of Scotch 
211 or an Akai tape, they include: fre
quency response to 21 ,000 Hz at 7\12 ips 
and to 15,000 Hz at 33;4 ips; with wow 
and flutter less than 0.07% and 0.1 % at 
the two speeds; less than 1 % distortion 
at 1 000 Hz and 0 VU ; and better than 54 
dB SIN ratio, referred to a +6-VU re
cording level. 

Laboratory Measurements. The 

record/playback frequency response of 
the tape deck was measured with sever
al types of tape, using the "wide range" 
selector position, to determine which 
best matched the factory settings of the 
recorder. Although the differences were 
not large, we found that Memorex Quan
tum gave the best results ; it was subse
quently used for the remainder of the 
tests . Akai SRT-F and Scotch 212 were 
quite similar to it in performance, while 
TDK Audua and Maxell UD35-7 had a 
rising high-end response. 

The 7\12-ips frequency response was 
± 2 dB from 20 to 24,500 Hz at a 20-dB 
recording level and was virtually the 
same at 0 dB. There was no sign of tape 
saturation at 0 dB with any of the tapes 
used. The 3~-ips response was within 
± 2.5 dB from 30 to 18,500 Hz, and tape 
saturation rolled off the 0-dB output 
above 7000 Hz. 

The playback frequency response, 
measured with Ampex test tapes, was 
within ± 1.5 dB from 50 to 15,000 Hz at 
7\12 ips. It was ± 1.5 dB from 50 to 7500 
Hz at 3~ ips. Both results represent the 
frequency limits of the tapes. 

A line input of 75 mV or a microphone 
input of 0.28 mV was necessary for a 
0-dB recording level. The playback level 
from a 0-dB recording was 0.89 volt with 

the Memorex tape. (It varies somewhat 
with the tape used.) The playback distor
tion at 0 dB at either speed was 0.38% 
to 0.40%, which is well below the rated 
value. The reference 3% distortion was 
reached at a recording input of +10 dB. 

The unweighted SIN ratio, referred to 
the 3% distortion level, was 59 dB at 
both speeds. With IEC "A" weighting, it 
was 65.5 dB. With CCIR/ARM weight
ing, the SI N was 61 dB at 3~ ips and 64 
dB at 7\12 ips. The noise level through 
the microphone inputs was only 3.5 dB 
higher than through the line inputs. 

The flutter of the GX-270-SS was a 
very low 0.04% at both speeds, which is 
probably the result of using a direct
drive capstan motor. The PITCH CON

TROL had a range of + 6.6% to - 4.8% at 
3~ ips, and from + 5.5% to - 4 .1% at 
7 \12 ips. In fast forward and rewind , an 
1800' (550-m) reel of tape was handled 
in 100 seconds. The meters responded 
more slowly than real VU meters, in
dicating 80% of steady state on 0.3
second tone bursts. The headphone vol
ume was not adjustable and was quite 
low with 200-ohm phones but fairly good 
with 8-ohm phones. 

U ser Comment. The operation of the 
recorder was simple and straightfor
ward, for both conventional operation 
and for making "Quadra Sync" record
ings. The solenoids, which operated 
with audible "clunks, " had a logic sys
tem that enabled the buttons to be oper
ated in any sequence without going 
through STOP. Pressing a normal speed 
button while the tape was in fast motion 
(or going in the opposite direction) 
brought the tape to a smooth, swift stop, 
after which it paused for a few seconds 
before resuming play. 

On the machine tested, we did not find 
any effect on the sound when we oper
ated the TAPE SELECTOR buttons. Nei
ther the frequency response, nor the dis
tortion, nor the noise level were affected 
by this control in any way that we could 
hear or measure. Also, although the 
head cover carries the inscription "Auto 
Reverse, " this feature is not mentioned 
in the instruction manual, nor are there 
any instructions given on how to install 
the conductive tape for automatic rever
sal. A couple of pieces of foil are includ
ed with the recorder, with a cryptic state
ment that they should be installed on 
either the dull side or the shiny side of 
the tape. We tried both , and the system 
operated properly with the foil on either 
side of the tape. Even if the autoreverse 

FR EQUEN CY Hz feature is not used, it is still very conven
Playback frequency response of the recorder u sing Ampex test tapes. ient to be able to play the second pair of 
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How's a CB bandit going to take your CB if he doesn't 
even know you 've got one? That's the secret of the 
One-Hander. Since all controls you need are in the 
palm-sized hand set , you ca n mount the tiny 
transceiver case permanent ly out of sight - in the 
glovebox, under dash or seat, even in the trunk using a 
special extension cable. When you leave your vehicle, 
unplug the handset and lock it up or take it with you. 
The One-Hander is safer and easier to use whi le driv
ing - no reaching and fumbling around to make ad
justments. Built-in noise blanker and limiter chop out 
ignition-type noise. Two ceramic filters and push-pull 
audio circuitry. Improved auto-modulation for FULL 
talk power, always. With mo~nting bracket, cab les for 
12 VDC positive or negative \g round. Thieves hate 

1
the Realist ic One-Hander. B\ t you 'll love it Just 
169.95* at your nearby Radio Shack. ~ 

" ~ 

---<

11hx5V.x7" case 
with selector switch 
for handset speaker, 
built-In speaker, or optional 
external speaker. -t Push-to-Talk Switch . 

-t Speaker and Mike 
v Channel Selector 

with LED Indicator 
v Volume Dn/Dfl Control 
-t variable Squelch 
v 5' Coiled Cord 
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Trunk-mount your One-Hander: Special 161/2-loot cable 
runs from trunk under carpet to plug-in jack on dash. 

Everything's hidden! Cable (21-600) just 29 .95-. 
SOLD ONLY WHERE YOU SEE THIS SIGN : 

FREE! New '78 Catalog 
Come in for your copy and see 
what 's really new in electron ics. ftad1e lhaeK
164 pages, 100 in full color. 

A TANDY COMPANY• FORT WORTH, TEXAS 76107
2000 exclusive items. OVER 5000 LOCATIONS IN NINE COUNTRIES 

• qeta1 1 Pr ices May Vary at lnd1v1Clua l S1ores and Dea lers 35 
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tracks at the touch of a button, without 
interchanging the reels. 

At 7\12 ips, the sound quality of the re
corder leaves little to be desired. When 
we recorded interstation hiss from an 
FM tuner, we could hear only a minute 
brightening of the playback in compari
son to the incoming signal. This was 

consistent with the measured frequency 
response of the recorder. But at 3¥1 ips, 
the brightness was quite noticeable, 
even without an A-B comparison. 

This deck will appeal most to the seri
ous amateur recordist who wants to try 
his hand at multi-track-sync recording. It 
is a versatile machine, equally at home 

with recording and playing back 2- and 
4-channel tapes or with creating one's 
own "professional"-style recordings. We 
were impressed by the manner in which 
it surpassed every one of its published 
specifications, usually by a wide margin. 
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SPEAKERLAB MODEL S7 SPEAKER SYSTEM KIT 
Assemble-it-yourself, three-way speaker system employs four drivers. 

The Model 87 
three-way speak
er system is one 
of the six speaker 
kit models from 

8peakerlab. This second from the top
of-the-line kit features an air-suspension 
system to achieve good bass response 
in a relatively small enclosure. (Top of 
the line has a folded-corner-horn de
sign.) 

As with all speaker systems kits from 
8peakerlab, the Model 87's enclosure 
box is supplied already assembled, re
quiring only the application of an oil fin
ish (materials supplied) to complete the 
"wood work." The various elements in 
the kit-drivers, crossover network, fi
berglass insulation, etc.-are mechani
cally mounted and interconnected. 

The Model 87's transducer comple
ment consists of a horn tweeter, horn 
midrange driver, 12" (30.5-cm) cone-

type, woofer, and 10" (25.4-cm) cone
type woofer. Crossover frequencies are 
nominally at 700 and 5000 Hz, and L 
pads are provided for adjusting the mid
range driver and tweeter balance. Zen
ers protect the tweeter. 

8peakerlab recommends that an am
plifier rated at a minimum of 15 to 25 
watts/channel be used to drive the Mod
el 87 speaker systems. Maximum guar
anteed safe power for the speaker sys
tems is 150 watts rms/ channel. Nominal 
impedance is 4 ohms. 

The front and back of the speaker sys
tem's walnut-veneer enclosure are 
made of ¥!" (19.1-mm) thick particle 
board, while the remainder of the box 
has an additional layer of ¥!" plywood 
added to its thickness. The enclosure 
measures 29"H x 18''W x 15Ys"D (73.7 
x 45.7 x 38.4 cm). The assembled 
speaker system weighs 85 lb (38.6 kg). 
Price is $279 per speaker system kit. 

Kit Assembly. The 8peakerlab kit 
contained everything required to assem
ble, wire, and finish the speaker system 
except scissors, stapler, caulking gun, 
and sandpaper. (The last item is used to 
gently sand the edges of the box and 
any rough spots.) A cartridge of silicone 
rubber adhesive, supplied with the kit, is 
used instead of screws for driver and 
subassembly mounting. 

The prewired crossover network/input 
terminal/L pad assembly mounts first 
over its cutout in the cabinet via a bead 
of silicone adhesive. Next, the fiberglass 
wool sheets are cut with scissors to 
rough sizes and then stapled to all inter
nal walls of the speaker cabinet except 
the front panel. Once this is done, short 
lengths of Velcro fastener tape are sta
pled to the front panel at all four corners. 

The front board on which the drivers 
mount fastens to the cabinet via a thick 
bead of silicone rubber adhesive be
tween it and the enclosure's particle 
board liner. A 2" x 2" (5.1 x 5.1 cm) 
brace is then white glued between the 
inside rear wall and the rear wall of the 
front panel between the woofer cutouts 
to add rigidity and to reduce the possibil
ity of mechanical resonances in the bass 
range. Finishing nails driven through 
both walls into the ends of the brace 
keep the brace from moving while the 
glue is setting. 

Heavy-gauge wires with push-on ter
minals connect to the drivers from the 
crossover/l-pad assembly. The drivers 
then mount in their respective cutouts 
with the aid of beads of silicone rubber 
adhesive. No screws are used to" hold 
the drivers in place. The silicone adhe

(Continued on page 42) 

Tone-burst response for (left to right) 100, 1000, and 7000 Hz. 
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SWTPC announces first dual 
mirlifloppy kit under $1,000.. 

Now SWTPC offers complete best-buy computer system with $995 
dual minifloppy, $500 video terminal/monitor, $395 4K computer. 

$995 MF-68 Dual Minifloppy 
You need dual drives to get full benefits 
from a minifloppy. So we waited to offer a 
floppy until we could give you a dependa
ble dual system at the right price. 

The MF-68 is a complete top-quality 
minifloppy for your SWTPC Computer. The 
kit has controller, chassis, cover, power 
supply, cables, assembly instructions, two 
highly reliable Shugart drives, and a 
diskette with the Floppy Disk Operating 
System (FDOS) and disk BASIC. (A floppy 
is no better than its operating system, and 
the MF-68 has one of the best available.) 
An optional $850 MF-6X kit expands the 
system to four drives. 

Enclosed Is: 
__ $1 ,990 for the full system shown above 

(MF-68 Minifloppy, CT-64 Terminal with 
CT-VM Monitor). 

__ $995 for the Dual Minifloppy 
__ $325 for the CT-64 Terminal 
__ $175 for the CT-VM Monitor 
__ $395 for the 4K 6800 Computer 

...... ~ ... 7"'. f't'

\~·:~~;;J~:-
:;::.:;: """ ... ~-~ 

$500 Terminal/Monitor 
The CT-64 terminal kit offers these 
premium features: 64-character lines, 
upper/lower case letters, switchable con
trol character printing, word highlighting, 
fu ll cursor control, 110-1200 Baud serial 
interface, and many others. Separately 
the CT-64 is $325, the 12 MHz CT-VM 
monitor $175. 

__ $250 for the PR-40 Line Printer 

__ $79.50 for AC-30 Cassette Interface 

_ _ Additional 4K memory boards at $100 

__ Additional 8K memory boards at $250 

__ Or BAC # Exp. Date ___ 

__ Or MC# Exp. Date ___ 

Name Address _____ 

City State ___ Zip__ 
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$395 4K 6800 <:omputer 
The SWTPC 6800 comes complete with 
4K memory, serial interface, power supply, 
chassis, famous Motorola MIKBUG® 
mini-operating system in read-only 
memory (ROM), and the most complete 
documentation with any computer kit. Our 
growing software library includes 4K and 
SK BASIC (cassettes $4.95 and $9.95; 
paper tape $10.00 and $20.00). Extra 
memory, $100/4K or $250/SK. 
Other SWTPC peripherals include 
$250 PR-40 Alphanumeric Line Printer 
(40 characters/line, 5 x 7 dot matrix, 
75 line/minute speed, compatible with 
our 6800 computer and MITS/IMSAI); 
$79.50 AC-30 Cassette Interface System 
(writes/reads Kansas City standard tapes, 
controls two recorders, usable with other 
computers) ; and other peripherals now 
and to come. 

b11 I1Ld Southwest Technical .,__.._..__......._...,._11 Products Corp. 
219 W. Rhapsody, San Antonio, Texas 78216 
London: Southwest Technical Products Co., ltd. 
Tokyo: Southwest Technical Products Corp./ Japan 



Advanced Electronics 


Should your

•career in 


electronics 

go beyond 


TV repair? 
CREI prepares you at home 

for broader and more advanced 

opportunities in electronics

plus offers you special arrangements 

for engineering degrees 

There is no doubt television repair can 
be an interesting and profitable career 
field. TV repair, however, is only one of 
the many career areas in the fast growing 
field of electronics. 

As an indication of how career areas 
compare, the consumer area of electron
ics (of which TV is a part) makes up less 
than one-fourth of all electronic equip
ment manufactured today. Nearly twice 
as much equipment is manufactured for 
the communications and industrial fields. 
Still another area larger than consumer 
electronics is the government area. That 
is the uses of electronics in such areas as 
research and development, the space 
program, and others. 

Just as television is only one part of 
the consumer field, these other fields of 
electronics are made up of many career 
areas. For example, there are computer 
electronics, microwave and satellite 
communications, cable television, even 
the broadcast systems that bring pro
grams to home television sets. 

As you may realize , career oppor
tunities in these other areas of electron
ics are mostly for advanced technical 
personnel. To qualify for these higher 
level positions , you need college-level 
training in electronics. Of course, while 
it takes extra preparation to qualify for 
these career areas , the rewards are 
greater both in the interesting nature of 
the work and in higher pay . Further
more, there is a growing demand for 
personnel in these areas. 

Unlike most other home study schools , 
CREI programs are devoted exclusively 
to preparing you for careers in advanced 
electronics. All of CREI programs are 
college level. And CREI gives you both 
theory and practical experience in ad
vanced electronics. 

Unique Design Lab 
A unique feature of CREI training is its 
Electronic Design Laboratory Program, 
which trains you to actually design cir
cuits. It also helps you understand the 
theories of advanced electronics and 
gives you extensive practical experience 
in such areas as tests and measurements , 
breadboarding, prototype construction, 
circuit operation and behavior, charac
teristics of electronic components and 
how to apply integrated circuits . 

POPULAR ELECTRONICS 38 



Career Training at Home 


Only CREI offers this unique Lab 
Program. It is a complete college lab 
and, we believe, better than you will find 
in most colleges. The "Lab" is one of 
the factors that makes CREI training 
interesting and effective. And the pro
fessional equipment in this program be
comes yours to keep and use throughout 
your professional career after you com
plete the training. 

Engineering Degree 
CREI offers you special arrangements 
for earning credit for engineering de
grees at certain colleges and universities 
as part of your home study training pro
gram. An important advantage in these 
arrangements is that you can continue 
your full time job while "going to college" 
with CREI. This also means you can 
apply your CREI training in your work 
and get practical experience to qualify 
for career advancement. 

Wide Choice of Programs 
CREI gives you a choice of specializa
tion in 14 areas of electronics. You can 
select exactly the area of electronics 
best for your career field. You can spe
cialize in such areas as computer elec
tronics, communications engineering, 
microwave, CATV, television (broad
cast) engineering and many other areas 
of modem electronics. 

FREE Book 
In the brief space here, there isn't room 
to give you all of the facts about CREI 
college-level , home study programs in 
electronics. So we invite you to send for 
our free catalog (if you are qualified to 
take a CREI program). The catalog has 
over 80, fully illustrated pages describ
ing your opportunities in advanced elec
tronics and the details of CREI home 
study programs. 

QuaI ifications 
You may be eligible to take a CREI col
lege-level program in electronics if you 
are a high school graduate (or the true 
equivalent) and have previous training 
or experience in electronics. Program 
arrangements are available depending 
upon whether you have extensive or 
minimum experience in electronics. 

Mail card or write describing qualifications to 

OH I I
CAPITOL 
RADIO 
ENGINEERING 
INSTITUTE 

McGraw-Hill Continuing Education Center 
3939 Wisconsin Avenue Northwest 
Washington, D.C. 20016 

Accredited Member National Home Study Council 

GI Bill 
CREI programs 
are approved 
for training of 
veterans and 
servicemen under 
the G.l. Bill. 
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JULIAN HIRSCH AUDIO REPORTS (continued from p age 36) 

Using a caulking gun , a bead of silicone rubber 
adhesive is applied aroun d the opening in the 
enclosu re for mounting the elec tronic assem bly. 

Cabinet i s lined with fiberglass and fro nt panel 
attached, the latter again secu red by adhesive. 

Crossover networ k leads are pulled through 
the driver openings. N ote supporting wood br ace. 

sive serves as both mounting and air 
sealing mediums. The front panel cutout 
for the horn tweeter is slightly longer in 
length to permit the driver to slip into 
place. Consequently, once the tweeter 
is in place, two small pieces of wood, 
supplied trimmed to the proper sizes, 
are glued to the panel to cover up the 
openings at both ends of the driver horn. 

A choice of two different ways of fin
ishing the grille assembly is possible 
with the materials supplied in the kit. 
One is a plain flat grille that merely re
quires the grille cloth to be stretched 
over and stapled to a ready-made 
frame. The other is to make the grille as
sembly three dimensional. To do this, 
four pieces of wood are glued together 
to form a frame that is then glued to the 
ready-made frame. After rounding the 
edges of the frame, the grille cloth is 

stretched over the whole and stapled 
into place. In either case, Velcro strips 
are fastened to the frame at the inside 
rear corners to hold the grille assembly 
in place. 

We allowed four hours for the cement
ed pieces to set before using the speak
er system, which was ly ;,1g on a floor so 
that the full weight of the drivers bore 
down on the silicone adhesive cement/ 
gaskets. We tested the speaker systems 
beforehand, though, propping them up 
just enough to permit us to connect ca
bles from our amplifier to them and to 
permit us to adjust the balance controls. 

Once the cements had set and we 
were satisfied with the operation of the 
speaker systems, we used No. 150 dry 
sandpaper to smooth all exterior sur
faces of the cabinets. Then we proceed
ed to pour small amounts of the oil sup-

The prewired assembly, 
holding the crossover 
n etwor k, input terminal, 
and L pads is pressed 
into the adhesive. 

plied with the kit on one side after anoth
er, rubbing it in lightly with No. 400 wet
paper sandpaper. Excess oil was wiped 
off with a paper towel. Then we allowed 
the wood to soak up the oil and dry for 
about two hours. For the finishing touch, 
we installed the grille assembly, and the 
system was ready to go to work. 

Laboratory Measurements. The 
middle and high-frequency response of 
the speaker system was measured in 
the reverberant field of our room at a dis
tance of 12' to 15' (3. 7 to 4.6 m) from 
the drivers and with the midrange and 
tweeter level controls set to maximum. 
To eliminate room interactions at low 
frequencies, the woofer response was 
measured separately, with the micro
phone placed in the plane of the mount
ing board. Since the system has two dif-
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IF YOU'RE WAITING FOR 

SOLDERLESS BREADBOARDS TO BE 


FASTER, EASIER, MORE 

VERSATILE AND LOWER-PRICED... 


Incredibly inexpensive. EXP ERIMENTOR Mix and match. Use large and sma ll chips Full fan-out. A CSC exclusive. The only 
solderless sockets begin at SS.so· in the same ci rcuit without problems. solde rless breadboard socKets with 
($4.oo· for the 40 tie-point quad bus strip). Th ere are two sizes of EXPERIMENTOR full fan-out capabilities fo r micro
A spool of solder costs more. sockets with 3/10th and 6/10th centers. processors and other larger (0.6") DI P's. 

Microprocessors and other complex · --'• • . ................... . EXPERIMENTOR QUAD BUS 
.... ..... ~. ........ -• ... _.................. ,..
circuits are easy to develop. EXPER STRIP. $4.00* Four 40-point 
IMENTOR quad bus strips give you 4, 8 • bus st rips. 3/a x S3/• x 3f4". 
or 16 buses to simplify your breadboa rds. 

Designated tie-points. Sim
Infinitely flexible. Circuit s can go in • plify tran slation from bread
any direction, up to any size. All EXPER board to PC-boards or wiri ng 
IMENTOR socke ts featu re positive inter tables. 
locking connectors that snap together. 
Horizonta ll y and /o r vertically. And un
snap to chan ge a circuit wheneve r you ~ EXPERIMENTOR 600. 
wish. $10.95* 94 five-poin t termi

• nals plus two 40-point bus 
stri ps. 0.6" centers : 3/a x 6 x 

Easy Mounting. Use 4-40 sc rews from 21/4" 

fhe front or 6-32 se lf-tapping ·sc rews. •
from the rear. Insulated backing lets 

Accepts all standard components. you mount on any surface. 
EXPERIMENTOR sockets confo rm to an 0.1" .... 	 grid and are DIP compatib le . Also accept 
IC 's, tran sisto rs. diodes, LED's, resistors,EXPERIMENTOR 350. $5.50* 46 fi ve-~ 
capac itors. transfo rmers , pots. etc. point terminals plus two 20-point bus 

strips. 0.3"centers: 3/a x 3'12 x 2". 

Easy hookup. Components push in and pull 
out instantly. Use #2 2-30 solid AWG

EXPERIMENTOR 650. $6.25*46 five wire for iumpers. 
po int terminals plus two 20-point bus 
strips. 0.6" centers : 3/a x 31/2 x 2'1•". 

Rugged, dependable construction. 
Sockets are const ructed from abrasion 
resistant materials and withstand 100°C. 

••• • Each one features non-co rrosive 
:P."" nickel-silver contacts. 

:~ EXPERIMENTOR 300. $9.95* 94 five
:::: : point termin als plus two 40-point bus 
::S st rips. 0.3" centers: 3/a x 6 x 2" . 

• 

WHAT ARE YOU WAITING FOR? 

Discover today how solderless breadboarding can save time and money on every circuit you build. Get 


acquainted with EXPERIMENTOR™ sockets and how they simplify ci rcuit design. assembly and testing . 

Eliminate the hassles and component damage of soldering. No special hardware or Jumper cables 


required, either. And the price is so low, it's hard to believe. 

See your CSC dealer today. Or call 203-624-3103 (East Coast) or 415-421-8872 (West 


Coast) for the name of your local stocking distributor and a full-line catalog. 

CONTINENTAL SPECIALTIES CORPORATION 


C:5C: 

44 Kendall Street. Box 1942. New Haven. CT 06509 


203 -62 4-3103 TWX 7 10-465-1227 

West Coas t : 351 California St .. San Francisco. CA 94104 


415 -421 ·8872 TWX 9 t 0 ·372-7992 

MEXICO ELPRO. s A . Mexico City 5·23-30-04 


CANADA Len Fink ler Ltd. Ontarro 

SEE US AT WESCON SHOW BOOTH # 1114.1116 & 1118. 
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The midfrequency horn driver 
i s prepared for enclosure moun ting. 

ferently sized woofers, separate mea
surements were made on each. 

The reverberant frequency response 
was very good. Also, the woofer re
sponse was smooth and flat, without a 
glitch in the upper part of its range. 
When the two curves were spliced 
together, the response was within ± 3 
dB from 35 to 6000 Hz and rose at high
er frequencies. Of course, the shape of 
the high-frequency curve would vary 
considerably with different settings of 
the level controls. 

The reasons for using two different 
woofers are not obvious, since the mea
sured frequency response from each 
was the same, although the larger cone 
delivered about 2 dB more output. The 
output of the woofer reached a max
imum between 60 and 80 Hz, falling at a 
rate of 24 dB/octave below 60 Hz and at 
about 6 dB/octave above 80 Hz. 

The rated impedance of the speaker 
system is 4 ohms, a fact that was con-

Box 

"-... 

By using four pieces 
ofwood glued together 

to form a box that is 
then glued to the 
regular frame, a 

three-dimensional look 
for grille is obtained. 

Completed sy stem wi thout gri lle. 

firmed by our tests. It measured 4 ohms 
at 2 Hz and in the 100-Hz region, with a 
bass resonance rise to 15 ohms at 50 
Hz. The impedance was in the 10-to-1 2
ohm range at all frequencies above a 
few hundred hertz. 

User Comment. For most of our lis
tening tests, the speaker systems were 
on tilt stands supplied by Speakerlab. 
This raised the cabinets about 8" (20.3 
cm) above floor level and tilted them 
back to provide better coverage for the 
typical seated listener. 

In our live-versus-recorded test, the 
Speakerlab S7 was highly accurate in 
the upper midrange and at high frequen
cies. We observed some added warmth 
in the lower midrange. It did not show up 
on the response curve, however, and 
may have been associated with the 
room's characteristics. 

The S7's 4-ohm speaker impedance 
gives one a sense of higher speaker effi-

RAISED GRILLE 

Regular 
grille 
frame 

Use masking 
tape to hold 
parts in 
place while 
glue dries. 

ciency as compared to equivalent 8-ohm 
speakers since it draws more power at a 
given volume-control setting. Note, how
ever, that one cannot safely use two 
sets of speaker systems when using 4
ohm ones, even if the remotes are 8
ohm types, as most amplifiers will not be 
able to handle it. For obtaining max
imum power from one set of speakers, 
however, the 4-ohm types are ideal. 

All in all , this is a very fine speaker 
system. We found it to be equally suited 
to all kinds of music. Since its balance 
must be set by ear, the end result natu
rally depends on the builder's ability to 
set up both balance controls properly. 
(Instructions are provided with the kit.) 

Assembling this kit was an interesting 
job. The instruction manual was clearly 
written and illustrated, and most infor
mative. It took us about two hours to 
complete each speaker system, exclud
ing waiting time for glue drying. Not hav
ing any screws to which to secure the 
speaker elements eliminated the possi
bility of damaging the cone by mistaken
ly moving the driver above it owing to the 
always surprising heavy weight of the 
element. But, even if this or any other 
damage is done, the manufacturer will 
send a new part, no questions asked. 
And if you happen to be the unhandiest 
person around and cannot complete the 
kit, Speakerlab will finish it for you at no 
charge (customer pays freight). If you 
should need help with the kit, there's a 
toll-free number where you can obtain 
fast, free assistance. 

For those who want to make their own 
enclosures, speakers and the crossover 
can be purchased separately for $191 
each channel. 

For more information, write Speakerlab, 
5500 35th Ave., N.E., Seattle, WA 98105. 

POPULAR ELECTRONICS 44 



Why you should buya ~tal 

multimeter from the 


leader in digital multilneters. 

Ifyou're shopping for your first multi

meter, or moving up to digital from 
analog, there are a few things you 
should know. 

First, look at more than price. You'll 
find, for instance, that the new Fluke 
8020A DMM offers features you won't 
find on other DMMs at any price. And 
it's only $169.* 

Second, quality pays. Fluke is recog
nized as the leading maker of multi
~eters (among other things) with a 
30-year heritage of quality, excellence 
and value that pays off for you in the 
8020A. 

Third, don't under-buy. You may think 
that a precision 3V2-digit digital multi
meter is too much instrument for you 
right now. But considering our rapidly 
changing technology, you're going to 
need digital yesterday. 

Ifyou'rejust beginning, 
go digital. 

Why not analog? Because the 8020A 
has 0.25% de accuracy, and that's ten 

times better than most analog meters. 
Also, the 8020A's digital performance 

means things like 26 ranges and seven 
functions. And the tougher your home 
projects get, the more you need the 
8020A's full-range versatility and ac
curacy. The 8020A has it; analog meters 
don't. 

Ifyou're a pro. 
You already know Fluke. And you 

probably own a benchtop-model multi
meter. 

Now consider the 8020A: smaller in 
size, but just as big in capability. Like 
2000-count resolution and high-low 
power ohms. Autozero and autopolarity. 
And the 8020A is MOY-protected to 
6000V against hidden transients, and 
has overload protection to 300V ac . 

Nanosiemens? 

Conductance To Resistance Conversion 

a 
~ 
Q) 

~ 
!I 
·! 
~ 

0.1 10 100 

Conductance (nS) naDOsiemens 

:j.O S=_L 
RX 

100 

1,000 

10,000 

Beginner or pro, you'll find the meter 
you now have can't measure nanosie
mens. So what? With the 8020A con
ductance function, you can measure 
the equivalent of 10,000 megohms in 
nanosiemens. Like capacitor, circuit 
board and insulation leakage. And, you 
can check transistor gain with a simple, 
homemade adapter. Only with the 8020A, 
a 13-oz. heavyweight that goes where 
you go, with confidence. 

What price to pay. 

$169.* 
Of course, you can pay more. Or less. 

In fact, you could pay almost as much 
for equally compact but more simplistic 
meters, and get far less versatility. And, 
the 8020A gives you the 'plus' of custom 
CMOS LSI chip design, and a minimum 
number of parts (47 in all) . All parts 
and service available at more than 100 
Fluke service centers, worldwide. Guar
anteed, for a full year. 

Rugged. Reliable. Inexpensive to 
own and to operate; a simple 9V battery 
assures continuous use for up to 200 
hours. 

Where to buy. 
Call (800) 426-0361 toll free. Give 

us your chargecard number and we'll 
ship one to you the same day. Or, we'll 
tell you the location of the closest 
Fluke office or distributor for a per
sonal hands-on feel for the best DMM 
value going. 

*U .S. price only 

Fluke 802.0A DMM for 
Home Electronics Experts: $169 

~'F:L5:U==:K::E::l 

1808-7001 = ® 
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1/2-0claveRealTimeAudio Allalyzer 

BY BOB JONES AND RICHARD MARSH 

Used with a mike and oscilloscope, it display$ system 
output to permit accurate matching to room acoustics. PARTl 

IT'S COMMON knowledge that an 
equalizer can shape a sound system's 

frequency response. But adjusting multi
ple equalizer bands for flat audio re
sponse in a room is a challenge. This 
project, an audio Real Time Analyzer, 
provides a solution to the problem. It 
generates a graphic representation of 
the system's output with sufficient detail 
(20 half-octave bands) to allow quick, 
accurate matching to room acoustics 
when used with a calibrated microphone 
and a de-coupled oscilloscope. 

Furthermore, the RTA can be used to 
check the frequency response of such 
components as preamps, power amplifi
ers, etc. The RTA can also function as a 
sound pressure meter, as a noise 
analyzer (energy per frequency band), 
and as an aid in the design of speaker 
systems and crossovers. 

A block diagram of the RTA is shown 
in Fig. I. Input signals are selected by S1 
from MIC or AUX sources. Microphone 
signals are boosted to line level by a 
preamp with a gain of 200. A buffer am-
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plifier then passes the MIC or AUX signal 
to twenty half-octave active bandpass 
filters. Each filter passes only that por
tion of the input signal within its pass
band. These filtered ac components are 
then rectified by diodes (one for each til
ter) and smoothed by RC combinations. 
The resulting de levels, proportional to 
the amount of energy within each pass
band, are scanned sequentially by a 24
channel multiplexer. Finally, the multi
plexed signal is buffered and presented 
at the RTA output. 

At this point, de levels can be applied 
to the vertical amplifier of the oscillo
scope. Variations in vertical deflection 
from one band to the next will linearly re
flect differences between de levels, and 
hence between the energies contained 
in the filter passbands. However, in au
dio work, voltage variations are usually 
expressed in decibels. A logarithmic 
converter has therefore been incorporat
ed into the RTA, allowing direct readout 
of signal levels in dB from the CRT 
trace. The multiplexing and display tune

tions of the RTA are carried on so quick
ly that all bands are shown simultane
ously or in "real time." 

Circuit Details. The input stage of 
the Analyzer is shown schematically in 
Fig. 2. A balanced differential amplifier, 
ICt , allows the use of long lines and low
impedance microphones due to its good 
common mode rejection characteristics. 
This amplifier has a voltage gain of 200, 
determined by R2 and R4, and boosts 
microphone input signals to line level. 
External frequency compensation for 
the op amp is provided by R6 and Ct. 
Capacitor C2 prevents any de l~vel at 
the output of /Ct from reaching' micro
phone level control R7. 

Signals from either the microphone 
preamp or a source connected to the 
AUX input are selected by St and ap
plied to buffer amplifier IC2. Frequency 
compensation is provided by C3. The 
low-impedance output of IC2 drives the 
parallel inputs of the half-octave filters. 

Each active filt~r employs one IC (/C3 
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COUNTER 
ANO 

MULTIPLEX 
CONTROL 

MIC 

PREAMP 


M IC~~ 
INP~ 

Auxo----1 
INPUT 

TO ALL STAGES 

+i5V -t 5V +5V GNO 

s~ 

117VAC 

BUFFER 
20 

HALF OCTAVE 

FILTERS 


ANO 

RECTIFIERS 


CLOCK 

BUFFER 

24-CHANNEL ANALYZERMULTIPLEXER OUTPUT 

LOG 
OUTPUT 

1-------Q TRIGGER 
OUTPUT 

F ig. 1. Bloc/.; diagrn111 shows how 1iY8lem 
opera tes. All ba11ds are slt ow11 i11 recd time. 

Q. When properly adjusted , the band
width of each filter is exactly one-half oc
tave. With filter center frequencies 
spaced one-half octave apart , the skirts 
of the filter response curves will cross 
over 12 to 18 dB down. This is satisfac
tory for most audio work . 

To achieve the value of Q necessary 
for narrow bandwidth, the resistors and 
capacitors in the series and parallel legs 
of each filter must have close toler
ances. Resistors should have toler
ances no greater than 1 %, and capaci 
tors no greater than 3%. Band-to-band 
variations in filter gain can be trimmed 
by LEVEL ADJU ST potentiometers R75 
through R94 . Each filter output is recti
fied and filtered into a proportional de 

PARTS LIST 

Cl .C I06 . 118 through Cl65- 0 .0!-µF. 50
V disc ceramic capaci tor 

C2 .C4-l 5-µ F. 10-Y tant al um capaci tor 
C3.C45 through CM---20-pF. S'lc. 500-V si l

ver mica capaci tor 
C5 through C44-Scc tex t and Table I. Close 

tc leranccs arc essenti al. 
C65 th rough CI 0 1-µ.-F. 50-V I ceramic 

capac itor 
C I 05-1.5-µ. F. 50-V ceramic capaci tor 
CI 07-500-µ F. 50-V elernolytic capacitor 
C !08.C !09 50µF. 50-V electrolytic capaci

tor 
Cl IQ.Cl 11  10-µ.F. 20-V tan talum capacitor 
C I 12- 50-µ. F. I 0-V tantalum capaci tor 
Cl 13 th rough C117- Sec Part II 
D I through 0 20- 1 4148 swi tchi11g dio<le 
0 2 1 through 0 24- 1 N4003. HEP R0052 or 

eq ui vale nt 
Fl - I-ampere slow-blow 3A6 fuse 
!Cl - LM72SCH opera tional amplifier 
IC2. IC3 th rough IC22- LM 301AH operation

al amplifier 
IC23- NE555 timer 
IC24 .IC26-SN7490 decade counter 
IC25- SN7404 hex inve rter 
IC27-930 1 (Fai rchild. or equi v.) BC D-to

deci mal decoder* 
IC28 through IC30-AM3705 D (National 

Semiconductor. or equ iv .) PMOS e ight 
channe l multip lexer** 

IC3 1- LM74 ICH operational ampli fier 
IC32-MC78 ! 5CP or HEP C6 I I 4P + 15-volt 

volt age regulato r 
IC33- MC7805 or HEP C61 IOP 5-volt 

vo ltage regulator 
IC34-MC79 1S P or HEP C6 1·23P - 15-volt 

vo lt age regulator 
J I- Microphone connector (Cannon XLR-3

13 or equi valent ) 
J2 through J4--BNC connec tor 
LED !-20-mA LED (TIL32 or equivalent) 
The fo llowing resis tors arc Ye-wa tt . I% toler

ance.meta l-fi lm components. 
RI through R3- 1000 ohms 

through IC22) in a Wein-bridge circuit, 
as shown in Fig. 3. The parallel legs of 
the filters are formed by R35 through 
R54 and CS through C24, and the series 
legs by R55 through R74 and C25 
througp C44. The values of these com 

R4.R5- 200.000 ohms 
R3S through R7 Sec t.:xt and Table !. 
The following rcsistnrs arc 11.i-watt. 5% toler

ance carbon components . 
R 7oh1m 
R9.Rl2 .Rl4.R95 through Rll4.Rl38 .

I0.000 ohms 
R 10, R I l - lllO.OOOnh111s 
R 13- 5000 oh111s 
R 115 through R 13 3.3 Megohms 
RI 35- 330 ohms 
R I 3( 560 ohms 
R I 37- 20.000 ohms 
R 139- 300 ohms 
R7- I0.000-ohm. single-turn Cerm.:t poten ti

ometer* 
R8- 100,000-ohm, single-turn Cermet poten

ti ometer* 
R l 5 through R3· 50.000-ohm. 20-tu rn. Hc

li trim Cermet potentiometer (Beckman 66X 
or equiva lent)* 

R75 through R9 100.000-ohm. single-turn 
min iature Ccrm.:t trimmer potentiornc t.:r 
(Beckman 9 1 W or equi va lent)* 

S 1- Dpdt miniature toggle 'witch 
S2- Sps t mi niatu re toggle swi tch 
Tl - Triad F9 1-X uni versal transforrn.:r or 

equivalent 40-vo lt cen ter-tapped transform
er .* 

Misc.-IC sockets or 1okx Soldcrn>n,. 
printed circuit boards. heat sinks. line cord. 
fuse holder . pc board spacers. sui table en
closure. knobs . coaxial cable. hookup wire. 
machine and self-tappi ng hardware . solder. 
etc 

Note: The following is avai lable from South
west Technical Prnducts Corp: 219 W . 
Rhapsody. San Antonio. TX 78216 : se t of 
three etched and drilled p boards for 
$19 .00 

•Available through distributors such as A llied 
Radio or 1 ewark Electronics . 

**Consult a National Semiconductor local dis
tributor or sales represe ntati ve. 

ponents are chosen according to the for
mula for the center frequency of the filter 
passband : fc = 1/ (2TIRC). Note that 
each RC pair (series and parallel) has 
the same time constant. Potentiometers 
R15 through R34 control filter gain and 

voltage by 01 through 020, CBS through 
C104 , R95 through R114 and R115 
through R134. A long time constant is 
employed in the RC filter to average 
low-frequency components and reduce 
display bounce. 

The digitally controlled multiplex sys
tem requires a reference time base or 
clock. In this project, IC23, a free-run 
ning 555 IC timer, generates the neces
sary clock pulses (Fig. 4) . Duty cycle 
and frequency are determined by R135 , 
R136, and C105. Too high a frequency 
causes excessive display bounce with a 
varying input such as random noise . Too 
low a clock frequency results in display 
flicker which is hard on the eyes . A clock 
rate of 2000 Hz was chosen to avoid 
both undesirable effects. 

Clock pulses are applied to /C24 , a 
7 490 decade counter wired to count 
from 0 to 7, then reset to 0 on the eighth 
clock pulse . Therefore, a total of eight 
different output states on three data 
lines (20. 21 , 22) are available. These 
outputs allow selection of any one of 
eight FET gates in a 3705 PMOS IC 
multiplexer. All required decoding cir
cuitry is on the 3705 chip. Of course. 
twenty channels are needed, not just 
eight. This is why /C26 and /C27 (7 490 
and 9301 , respectively) are employed. 
The multiplex circuit is shown in Fig. 5. 
Each 3705 (three required for 24-chan 
nel capacity) has an enable line (E) . This 
allows sequential multiplexer activation . 

Decade counter IC26 (7490) is wired 
to count from 0 to 2, and then reset to 0 
on the next pulse from /C25F. For the 
first seven clock pulses (refer to timing 
diagram Fig. 6) , IC26 has a 0 output. 
This is decoded by IC27, a 9301 BCD
to-decimal decoder, as a select line one 
(MPX1 Select) command. Accordingly, 
multiplexer /C28 is activated . The recti 
fied outputs of the first eight filters are 

(continued on page 50) 
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C25-44 
R35- 54 C5-24 R55-74 

Rl5 - 34 Fig. 2. Input stage includes a balanced 
50K differential amplifier, !Cl, and buffer, IC2.~l~~G~ 0--0-'lf>.A'.'0"'-JU'J<S,-T______________;_~ 
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Fig. 3. Wein-bridge active band-pass filter, 
typical of twenty half-octave filters. 
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CLOCK 

scanned and sequentially passed to out
put buffer amplifier /C31 , a 7 41 op amp 
with a voltage gain of two. On the eighth 
clock pulse, /C24 will revert to a 0 out
put, IC26 will increment to 1 , causing 
MPX2 Select to go high and activating 
/C29. Thus, the outputs of filters 9 
through 16 are scanned and passed to 
IC3 1. On the sixteenth clock pulse, IC24 
causes /C26 to increment to 2, and /C27 
issues an MPX3 Select command which 
enables /C30. Accordingly, the rectified 
outputs of filters 17 through 20 are 
scanned and passed to the buffer. At 
clock pulses 21 and 22, a ground (0 volt) 
is sent to the scope for base line refer
ence. At clock pulses 23 and 24, /C30 
sends +5 volts (boosted by IC31 to 10 
volts) to the scope for maximum level 
reference. (Input signal levels should be 
adjusted to fall within these extremes.) 
At clock pulse 24, /C24 and /C26 reset 
themselves to zero, MPX1 Select again 
goes high and the process is repeated. 
Also, a positive-going transition at clock 
pulse 24 is used for scope triggering. 

The power supply for the Analyzer is 
shown schematically in Fig. 7. Trans
former T1 (40 V CT) and diodes 021 
through 024 form a bridge rectifier. Ca-

Fig. 5. The three 3705 multiplexer I C's 
are enabled sequentially. 

Fig. 6. T he timing diagram below shows 
the clock waveform (top) and the events 

that occur at various clock pulses. 

1,· 

co~g~~ ) :~-------' 
\ OC _ C_L__ _S__;RRY____:=fl_,-<50ns_TA_L_ EAR CA _;_ n~-----------"n___ 

OCTAL 
MPX 2~----------------------1 

SELE CT 

C~LE~A~R-------------------------------=:I -<50 ns 

MP X 

SELECT 
 2-----------' 

3---------------------_J 

SCOPE,------------. 
TRI GG ER ~---------------------_J 
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+15V 

+;6°J _________;_...___......__ 
µF LEDi 

TRIAD 

F91 - X 


- 15V 

Fi g. 7. Schematic of power supply circuit shows bridge rectifier and voltage regu lators. 

TABLE I-FILTER VALUES 
Filter Center Frequency.. 

fc(Hz) 

1 22.4 
2 31 .5 
3 45 
4 63 
5 90 
6 125 
7 180 
8 250 
9 355 
10 500 
11 710 
12 1000 
13 14QO 
14 2000 
15 2800 
16 4000 
17 5600 
18 8000 
19 11200 
20 16000 

Resistors 
(ohms) 

R35, R55--68, 100 

R36, R35--75,000 

R37, R57-51,100 

R38, R58-38,300 

R39, R59-38,300 

R40, R60--26,1oo 

R41, R61-26,100 

R42, R62-28,700 

R43, R63--46,400 

R44, R64-31,600 

R45, R65--31,600 

R46, R66-23,700 

R47, R67-23,700 

R48, R68-23,700 

R49, R69-26,100 

R50, R70--38,300 

R51 , R71-28,700 

R52, R72-42,200 

R53, R73-31,600 

R54, R74-28,700 


Capacitors 
(µF) 

C5, C25-0.1 
C6, C26--0.068 
C7, C27--0.068 
C9, C29--0.047 
C9, C29--0.047 
C10, C30--0.047 
C11 , C31--0.033 
C12, C32--0.022 
C13, C33--0.01 
C14, C34--0.01 
C15, C35-0.0068 
C16, C36--0.0068 
C17, C37--0.0047 
C18, C38--0.0033 
C19, C39--0.0022 
C20, C40--0.001 
C21, C41--0.001 
C22, C42-470pF 
C23, C43-470pF 
C24, C44-360pF 

'1 
I 

L ED i-

,. :J(J 
+sv

+1sv---. , 

TO -FILTER 
BOARDS -

-1sv

TOj-
FILTERt-

BOARDS -

J4 _ I J_ 

J3 _ . _J 

I 

2 3 4 5 6 7 

I I I ' I I 

l·J f· H f..,.... 
Cl20 l II , , Rl3B 

c1
1
19 Q ·1 
I J • 
-IC31 

~ 
-Rl37 """'! 

J ,fa 
,,,;f""f' A J a ,, . 

D
,_c1:21 

_J_ 

. 
IC24 

............... 
8 9 10 11 12 
I ' I I I o• 

Tl 
C.T. 

FILTER OUTPUTS 

pacitors C107, C108, and C109 provide 
input ripple filtering to IC voltage regula
tors IC32, IC33, and IC34. Capacitors 
C110, C111, and C112 provide output 
filtering. · Resistor R139 limits current to 
LED1, the front panel power indicator. 

Construction. The ATA is most easily 
assembled on three printed circuit 
boards (four if the optional log converter 
is desired). Etching and drilling and 
component placement guides for the Di
gital and Power Supply Board, Filter 
Board 1, and Filter Board 2 are shown in 
Figs. 8, 9, and 10, respectively. (See Ta
ble I for RC values for each filter.) 

Mount all components on the pc 
boards using the minimum heat and sol
der required for good connections. Pay 
close attention to the polarity and basing 
of electrolytic (aluminum and tantalum) 
capacitors, diodes, transistors, and inte
grated circuits. The'use of IC sockets or 

Fig. BA. Parts placement 

guide for digital and power 

supply board. See next 

page for etching and drilling. 
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Fig. BB. Etching and drilling guide for digital and power supply board. 

Molex Soldercons for all IC's is recom
mended. All signal lines to and from the 
boards should be shielded (small-diam
eter coax is ideal). The power transform
er should be mounted as far away from 
the boards as possible to minimize hum. 

This transformer (T1) is a "universal" 
transformer, and not all of its color-cod
ed leads are used. Cut short any unused 
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Fig.' 9A. Use this pc board for Figs. 9B and 10 on next page. 

leads and cover the ends with heat
shrink tubing. Also, be sure to use heat 
sinks on the voltage-regulator IC's. 

In the authors' prototype, the pc 
boards (except the log converter) were 
stacked to conserve space. If you want 
to stack the boards, be sure to leave suf
ficient clearance for easy access to the 
LEVEL ADJUST and a .ADJUST potentiom-
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Fig. 9B. Parts placement for filter board #1. See ~ 
TO JIFig. 9A on previous page for etching and drilling. 
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F ig. 10. Parts placement for filter board # 2. See F ig. 9A for etching and drilling. 

eters. These controls should be mount 10" x 5" (38.1 x 25.4 x 12.7 cm) metal strain relief were mounted on the rear. 
ed on the filter boards so that all adjust cabinet. Switches 81 and 82, LEVEL Part II of this article will describe an 
ment screws point toward power supply controls R7 and RB, jacks J 1 through JS, optional log converter for direct readout 
pads and away from input pads. and LED1 were mounted on the front of the scope trace in dB. Calibration and 

The prototype was enclosed in a 15" x panel. The fuseholder and line cord RT A use will also be covered. 0 
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BUILD A TRANSFORMERLESS 

DC-TO-DC VOLTAGE DOUBLER 


High-elliciency, high-current solid-state circuit 
doubles the input de level. 

FOR MANY years, the only reason
able nonmechanical means of gen

erating high de potentials from low volt
ages in the medium-to-high-power 
range has been the oscillator-driven 
transformer. This type of converter has 
two major drawbacks-the average ex
perimenter may not have the knowledge 
or the materials to design and build his 
own transformer/converters, and the 
power consumption is relatively high, 
making the converters inefficient at cur
rents much below their ratings. 

The capacitive voltage doubler de
scribed here is superior to normal con
verters in many applications. For exam
ple, it can be used to extend the range of 
a low-voltage power supply or to run a 

medium-power audio system in a vehi
cle. Capable of very high efficiencies, 
the converter can easily be adapted to 
the voltage and power needed. 

Circuit Operation. Basically, the cir
cuit shown in Fig. 1 acts as a set of high
speed electronic switches that alternate
ly charge C3 and C4 to the supply volt
age and then connect the capacitors in 
series with the supply and load. The out
put load in effect "sees" the sum of the 
voltages across C3 and C4 and the sup
ply voltage. Since C3 and C4 are driven 
180° out-of-phase, this is a true full
wave voltage doubler. 

Transistors 07 and QB and their as
sociated components form a multivibra-

BY MARLOWE J. BUCHANAN 

tor that has an operating frequency of 
roughly 6000 Hz with a 12-volt de input 
supply. This oscillator produces two 
square waves that are 180° out-of
phase with each other and are used to 
drive 05, 06, 09, and 010. Resistors 
R 1 through R4 are selected to limit base 
current to 3 mA. Drive transistor pairs 
05109 and 061010 produce equal and 
opposite square waves that have ex
tremely fast rise and fall times and are 
capable of sinking or sourcing a mini
mum of 1 00 mA to the output transistor 
pairs (01 102 and 03104). 

When 07 conducts, 02, 03, 05, and 
010 are driven into saturation. Capaci
tor C3 charges through 02 and 03, 
while C4 discharges through 03, 02 and 

Fig. 1. The boosted 
de output vo ltage 
is the sum of input 
de plus charge on 
C3 and C4. The two 
capacitors are 
oppositely charged 
by multivibrator. · 

C3r ~00.. 

C4 
.________________1o_o_Oµ'--lF 1----~ 

+ 

v+--.,._-<1,___________________,__________--4.._----------1t-------.....--------. 
IN 

R3 

+ 

C l-100-µF , 25-Velectrolytic capacitor 
C2-500-µF , 50-V electrolytic capacitor 
C3, C4--1000-µF , 50-Velectrolytic capacitor 
C5,C6--0 .0015-µF, 50-V capacitor 
D 1 through 04--50-V, 6-A rect ifier diode (or 

bridge) 
Ll-100-µH, 4-A, 0.1-ohm de resistance (or 

less) choke 

R2 

+ 

PARTS LIST 

Q 1 ,Q3-2N6374 or similar transistor 
Q2,Q4--2N5956 or similar transistor 
QS ,Q6-2N3053 or similar transistor 
Q7 ,Q8-2N2222 or similar transistor 
Q9,Ql0--2N4037 or similar transistor 
Following res istors are l4 or \'2 watt, 10%: 
RI through R4--For input of 6 volts, omit; for 

9 V, use 1000 ohms; for 12 V, use 330 
ohms; for 15 V, use 180 ohms; for 18 V, 
use 120 ohms; for 21 V, use 100 ohms; for 
24 V, use 82 ohms. 

RS ,R6-l 800 ohms 
R7 ,R8-I00,000 ohms 
Misc.-10-watt heat sink , suitable enclosure, 

heavy-gauge wire , mounting hardware , etc . 
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CIRCLE NO. 25 ON ffiEE INFORMATION CARO 

OUTPUT CURRENT IN AMPS 

the output load. When QB conducts, the 
process reverses itself, with C3 dis
charging through the output load, 01, 
and 01, while C4 charges through 04 
and 04. Capacitor C1 helps prevent 
high-frequency pulses from entering the 
supply, while L 1 and C2 filter the output. 

Construction. Since circuit operation 
is not critical, any convenient means of 
construction can be used to build the 
converter. However, for maximum effi
ciency and minimum ripple, the following 
should be observed: 

Keep all leads, especially those to the 
output devices, as short as possible. 
Even the minor inductance of long wires 
can cause ripple in the output at the high 
switching frequency used in this voltage 
converter. 

Use 12- or 14-gauge wire for power 
lines and making connections to output 
transistors 01102 and 03104. If you 
elect to assemble the circuit on a printed 
circuit board, use at least W' (6.4-mm) 
wide copper traces to interconnect the 
output devices. These measures will 
eliminate resistive voltage losses. 

Connect C1 as close as possible to 
the emitter leads of 05106 and 091010 
to minimize ripple feedback into the volt
age source. 

No heat sinking is required for outputs 
up to 1 ampere. At higher currents, 01 
to 04 must be on a heat sink that has 
a thermal resistance of 5°C/watt. 

Use. The major loss of efficiency in a 
capacitive voltage doubler is the inher
ent voltage drop across the diodes and 
output transistors. Hence, it is not possi
ble to exactly double the supply voltage, 
the difference being 1 .4 volts with no 
load to 4.8 volts with a 3-ampere load. 
Since these losses are a fixed function 
of the output current, overall efficiency 

100 

90 

80 

70 

50 

30 

20 

0 

0 

~ 

f 
,_ 

0 I 2 

I 
24 VOLTS IN 

I 
12 VOLTS IN 

6 VOLTS :N Fig. 2. With 12-volt,.. 
l.) 60 power source, the z 
UJ efficiency remains 
~ ... above 80% even with... 
UJ full load. Theoe4o 

higher the input 
voltage, the higher 
the efficiency. 

will increase dramatically with higher op
erating potentials, as shown in Fig. 2. Ef
ficiencies in excess of 98% at several 
hundred watts can be achieved by a ca
pacitive voltage doubler adapted for 100 
volts input. These doublers also have 
very low ripple, typically less than 200 
mV at a 3-ampere output. 

The other loss of efficiency is the pow
er consumed by the multivibrator and 
drive transistors. This is generally less 
than 150 mW at a 12-volt de input, which 
accounts for the circuit's ability to 
achieve high efficiencies over 98% of its 
operating range. This sharply contrasts 
with the much lower efficiencies obtain
able with transformer-based converters. 

If the circuit shown in Fig. 1 does not 
satisfy your needs, there are a number 
of adaptations you may wish to try. For 
example, higher currents or potentials 
can be handled by substituting appropri
ately rated devices and slightly altering 
the multivibrator. Higher efficiencies can 
be obtained by substituting germanium 
power transistors for 01 through 04 and 
replacing the rectifiers with four suitable 
germanium power rectifiers (transistors 
with the base tied to the collector or 
emitter). For currents less than 100 mA, 
01 through 04 can be omitted; C2, C3, 
C4 need be rated at only 50 µF; and the 
rectifier diodes (01 through 04) can be 
rated at 1 ampere each. 

A voltage tripler can be made by add
ing two 1000-µF capacitors and another 
bridge rectifier between ground and the 
common emitters of the output transis
tors. However, triplers work at lower ef
ficiencies and with considerably reduced 
output current capability. 

It is possible to use the output of one 
doubler as the input voltage source for 
another doubler. Two doublers connect
ed in this manner provide about 36 volts 
output from a 12-volt battery. O 
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You can run down to your neighbor
hood appliance store, hand the 

clerk around $99.95, and come away 
with a "home music system" that will de
liver music received via AM or FM 
broadcasting and probably play records 
as well. Or, you can go to your favorite 
furniture shop and spend a few hundred 
dollars or more for a console cabinet 
containing unspecified electronic ele
ments that will do the same thing. Final
ly, you can shop for individual audio 
components , spending anywhere from a 
few hundred dollars to many thousands 
of dollars and , again, end up with a 
home music system that reproduces ra
dio broadcasts, records, and even tape 
recordings. These three divergent ap
proaches to home music reproduction 

have some things in common- but they 
are also poles apart in terms of the kind 
of sound you will hear. 

Crammed inside the $99.95 compact 
system and the one-piece console are 
circuits which pick up radio signals and 
translate them back to aud!o signals, cir
cuits which amplify the minute signals 
picked up by a self-contained record 
player with its tonearm and cartridge, 
and even a pair of loudspeakers which 
translate all these signals back to audi
ble sound. Audio electronics can be fur
ther broken down into the " tuner" or ra
dio section, the "preamplifier" or control 
section, and the "power-ampl ifier" sec
tion which activates the loudspeakers. 
Even a tiny portable transistorized radio 
contains all these elements, but you 

would hardly classify the sound you hear 
from such a portable as "high fidelity." 

In order for a loudspeaker (or, a pair of 
loudspeakers in the case of stereo or 
four loudspeakers for quadraphonic 
sound) to reproduce music, its cone or 
diaphragm must vibrate, for sound is 
nothing more than rapid compressions 
or expansions of the air around us. 
When the air vibrates rapidly, we hear a 
high-pitched tone. Slower vibrations of 
air impinge upon our hearing mech
anism to create the hearing sensation of 
a low-pitched note-or one of low fre
quency. But, whenever a pair of loud
speakers is mounted in the same cabi
net as the delicate record-playing tone
arm and pickup, the fairly violent vibra
tions of that speaker (needed to re-
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produce sound) are also transmitted via 
the cabinet structure to the tone-arm 
and pickup, the fairly violent vibrations of 
that speaker (needed to reproduce 
sound) are also transmitted via the cabi
net structure to the tone arm and its pho
no pickup stylus. If you try to turn up the 
volume to life-like levels, the vibrations 
generated by the speaker system can 
initiate a "vicious circle." They are re
amplified by the record player, repro
duced as greater and greater vibrations 
from the speakers and so on, until the 
entire system takes off in an annoying 
"howl" which is called "acoustic feed
back." 

Interestingly, most all-in-one systems 
do not exhibit this phenomenon. The 
reason they don't is because the elec
tronics built into such systems is gener
ally restricted in its ability to reproduce 
all musical tones in their proper relative 
intensity. Since low-frequency tones 
(bass) involve more intense vibrations, 
the ability of the electronics of such sys
tems to reproduce those tones is often 
severely restricted. In other words, you 
don't hear all the music contained in the 
actual record! 

The first requisite of a true high-fidelity 
system is that it reproduce all musical 
tones faithfully. So it's imperative that 
loudspeakers are separated from the 
rest of the system-a condition easily 
achieved with separate components. 
Faithfulness of musical reproduction 
also means that sounds must not con
tain more tones than were present in the 
original program. In high-fidelity terms, 
that means low or negligible distortion. 
Distortion, broadly defined, includes any 
extraneous sounds such as harmonical
ly related tones, electrically generated 
hum, or random noise or hiss. In short, 
the reproduced music should be an ex
act replica of the original performance 
as contained in the record or other pro
gram source. The minimal electronics, 
poor-quality record players, and under
sized, unbaffled loudspeakers contained 
in most all-in-one radio-phonographs 
and "compacts" are simply incapable of 
this kind of reproduction . 

Building-block Flexibility. There 
are other distinct advantages in the 
component approach to high-fidelity 
sound. Over the brief history of high fi
delity we have witnessed a progression 
from monophonic sound (in which all 
music is reproduced in one-dimensional 
form from a single loudspeaker), to two
dimensional stereophonic sound (in 
which two speakers are used to give the 
listener an added sense of spatial real

ism), to 4-channel or quadraphonic 
sound (in which the listener gains true 
concert-hall ambience reproduced from 
four properly positioned loudspeakers). 
Owners of "compacts" or consoles 
found their equipment hopelessly obso
leted as each of these advances gained 
acceptance. Owners of quality compo
nent systems, on the other hand, were 
able to update and add to their basic 
systems without any loss of their original 
investment. 

Clearly, this building-block approach 
to good sound makes sense economi
cally. As a further example, suppose 
that your primary interest is in a good 
record-playing system. You might elect 
to purchase a system consisting of a 
good amplifier, a pair of speakers, and a 
separate turntable or record-playing 
system at the outset. Then, if taste and 
budget dictate, you can add a stereo 
FM/AM tuner at a later date, connecting 
it in seconds to the system you already 
enjoy. You might also wish to upgrade 
one component in a system while retain
ing the others, which is easily achieva
ble with an audio component system. Fi
nally, you might even want to add tape 
recording and playback facilities to your 
expanding system by purchasing a tape 
deck of the open-reel, cassette, or car
tridge variety. All of these added pro
gram sources will utilize the basic am
plifier electronics and speaker systems 
purchased initially. You may even want 
sound in other listening · rooms (a bed
room, or a den). This can be provided by 
the addition of another pair of speakers 
which can be connected to most high
fidelity component . amplifiers or receiv
ers and switched in by means of suitable 
front-panel controls. Moreover, one can 
add an equalizer, noise-reduction sys
tem, or other accessory component to • 
an audio component system in order to 
obtain more realistic sound. 

Electronic Options. There are three 

basic approaches to assembling the 
electronics of a hi-fi system. The most 
popular of these involves the purchase 
of a component called a receiver. This 
single unit will contain all the circuitry 
needed to pick up AM, FM, and stereo
FM radio signals, the necessary pream
plifier and control circuits whereby pro
gram sources are selected and adjusted 
for proper listening, and the power am
plifier section needed to drive the loud
speaker systems. 

In the early days of hi-ti, all-in-one re
ceivers were rather limited in their ability 
to deliver sufficient power to the loud
speakers. Today, you will find all-in-one 
receivers which boast power-output rat
ings higher than 100 watts per channel. 
Because all of the electronics is com
bined on a single chassis, the receiver 
represents the most economical ap
proach to a hi-ti component system. A 
common power supply, a single front 
panel, a single cabinet enclosure and 
other parts-in-common result in savings 
that cannot be obtained from wholly sep
arate components. 

Nevertheless, a visit to your hi-fi deal
er will reveal an array of separate am
plifiers as well. So-called integrated am
plifiers combine two of the three previ
ously referred to electronic sections
the preamplifier-control portion and the 
power-amplifier section. We already 
mentioned a possible reason for choos
ing this option. You may want to forego 
FM and AM radio at the outset and con
centrate on good record reproduction (or 
possibly tape) . A tuner can always be 
purchased later and will interconnect 
easily with any integrated amplifier, 
even if your purchase is made many 
years from now. Furthermore, you will 
often find that an integrated amplifier 
has additional control refinements and 
perhaps more signal input facilities than 
an all-in-one receiver-another possible 
reason for its selection as the basic 
component of a system. You may also 
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be able to purchase a more powerful in
tegrated amplifier for the same amount 
of money that would be required for a 
more moderately powered complete re
ceiver unit. 

A third option, offering perhaps the 
greatest flexibility of all (and generally 
the most costly), is to purchase a sepa
rate tuner, a separate preamplifier-con
trol unit, and a separate basic power 
amplifier. This arrangement is not nearly_ 
as popular as the other two, and usually 
represents the choice of those audio en
thusiasts who demand the ultimate in 
flexibility, superior performance specifi
cations (lowest distortion and very-high
power-output capability), and other op
erating features not found either in com
plete receivers or integrated amplifiers. 

Irrespective of which of these three 
types of component systems you 
choose, to assemble, you'll want to famil
iarize, yourself with the more important 
technical performance specifications 
listed in manufacturers' advertising bro
chures. Tuner, preamplifier, and amplifi
er specifications mean the same thing 
whether they are used to describe those 
individual sections in a complete receiv
er, an integrated amplifier, a separate 
tuner, a separate preamplifier-control 
unit, or a basic power amplifier. 

What about 4-channel sound? Multi
ple-channel sound is certainly not new. 
As early as the 1930's; moviegoers 
thrilled to the multi-channel Walt Disney 
production of "Fantasia," in which listen
ers were surrounded by music repro
duced over as many as six separate 
speaker systems. For many years, re
cording studios have used multiple tape 
tracks to record individual instrumental-· 
ists and vocalists under optimum studio 
conditions. These tape "tracks" were 
then "mixed down" to two-channel "ste
reophonic" final products in the form of 
stereo records. Only in 1970 did 4-chan
nel sound reach the home music listen
er-first as 4-channel tapes and later in 
a variety of disc formats. 

Musically, there are two distinct ap
proaches to 4-channel sound. The 
"classical" approach involves the repro
duciion of the ambience of the concert 
hall itself. Any concert goer will readily 
admit that much of the sound he or she 
hears at a live concert is reflected from 
the walls and ceiling of th'e hall itself, 
rather than from the performers on 
stage. It is this ambient quality which 
distinguishes the live, performance from 
its recorded and reproduced equivalent 
in a home listening room of restricted di
mensions. By recording two additional 
channels, using microphone:s at the rear . 

of the concert hall and reproducing 
these channels over similarly positioned 
speakers behind the listener, it is possi
ble to create a sense of vast space in the 
home listening environment which is not 
achievable with conventional two-chan
nel reproduction systems: 

Given the extra pair of channels, it is 
also possible to assign different instru
ments or soloists to specific channels so 
that the listener finds himself in the cen
ter of the "performance" when playing 
back recordings. This alternate record
ing approach to quadraphonic sound is 
particularly effective when applied to 
modern pop and rock music, affording 
the listener a sense of involvement not 
otherwise attainable. 

Recording four channels on tape is 
relatively simple. Both 8-track cartridges 
and open-reel tapes have multitrack ca
pability. Cassettes do not. 

In the case of phonograph records, 
there are two basic systems. One called 
"matrixing," is a process of combining or 
encoding the four original · program 
channels into two complex audio pro
grams. These two "encoded" channels 
can then be applied to the record groove 
much like a stereo program. Suitable de
coder circuits, often built into a four
channel amplifier or receiver, "decode" 
the two channels into four separate sig
nals approximating those which were re
corded at the beginning of the process. 

The two most popular matrix tech
niques currently in use in the United 
States are the SQ system, developed by 
CBS and the OS system developed by 
Sansui. Both are capable of excellent 4
channel reproduction and each can be 
further enhanced by the addition of cir
cuits called "4-channel logic" which in
crease apparent separation between 
channels. In addition to matrix records, 
there are also so-called discrete or CD-4 
records _which actually contain four sep
arate programs in the single record 
gro9ve. Because of the very high fre
quencies contained in these CD-4 discs 
(developed jointly by RCA and the Ja
pan Victor Company of Japan), a new 
cartridge or phono pickup is required. 
Moreover, a turntable used for playing 
CD-4 records should have low-capaci
tance phono cables for best results . 

A 4-channel home music system is 
necessarily more costly than a stereo 
system of equal power and performance 
capabilities. Any 4-channel system re
quires four separate loudspeakers as 
well as four amplifiers (the latter often 
combined in one unit). 

Before deciding whether to buy 2- or 
4-channel equipment, listen to each type 

of system in a properly equipped dem
onstration room at your audio dealer. 
Bear in mind that, whether you elect to 
buy 4-channel or stereo, the important 
criteria of low distortion, good frequency 
response, and adequate power output 
apply to each type of system. If your 
budget is limited, you might be better off 
starting with a good stereo component 
system rather than settling for an inferior 
quadraphonic system. Separately avail
able decoders, demodulators, and extra 
amplifiers and speakers can be added to 
any existing stereo sound system at any 
time in the future . 

Hi·Fi •hopping Tips. Shopping for a 
hi-fi component system can be fun-or it 
can be a frustrating experience. There 
are four general sources of supply. (1) 
You can visit an audio specialist dealer 
who sells nothing but high-fidelity com
ponent equipment. (2) You -can shop in a 
branch of one of the many electronic
supply stores that sell other specialized 
electronic equipment in addition to hi-fi, 
but generally have listening rooms set 
aside for hi-fi component selection. (3) 
You can order components from a varie
ty of mail-order or catalogue houses 
(some of whom also have retail stores in 
many cities), or (4) you can visit a "dis
count" establishment which has a varie
ty of merchandise available in sealed 
factory cartons but provides no facilities 
for equipment auditioning. Your choice 
of supplier will generally depend upon 
how much (or how little) personalized 
service you require. 

The first two categories of retail estab
lishments generally offer the most serv
ice. If you are starting from "scratch," it 
is essential that you be able to listen to 

. the components you plan to buy. As a 
matter of fact, the first components you 
should select are your loudspeakers, 
since there is the greatest variation in 
sound amongst the hundreds of speaker 
models currently available. Zeroing in on 
the loudspeakers that sound best to you 
also puts you in a better position to de

1

cide on how powerful an amplifier or re
ceiver you will need, since some speak
ers require far more power than others 
to deliver a given loudness level. 

Generally, the well-equipped audio 
dealer who offers auditioning facilities 
and technically trained sales personnel 
will offer less of a discount than the "mail 
order" or "warehouse" type of retailer, 
since his overhead costs are higher. In 
return for the son:iewhat higher price you 
pay, you will obtain the aforementioned 
advantages that may or may not be im
portant to you. 
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THE QUEST for noise reduction in 
high-fidelity equipment has chal

lenged audio engineers for decades. As 
far back as 1947, H. H. Scott introduced 
a "Dynaural Noise Suppressor, " to deal 
with the noise problem; and the Dolby 
noise-reduction system (professional 
version) was demonstrated in the mid
sixties. The age of noise suppression 
was really ushered in for serious audio
philes, however, when the Dolby NR 
system was incorporated into cassette 
decks in the late sixties. 

Since then, a great deal has been 
done to make noise reduction a realisti
cally inexpensive and practical means of 
obtaining the maximum enjoyment out 
of hi-fi equipment. In this article, we will 
examine a host of noise-reducing sys
tems that have come onto the consumer 
market and describe how the different 
schemes work. 

Two Categories. Noise-reduction 
systems can be grouped into two cate
gories: Those that rely on preprocessed 
(encoded) signals and those that oper
ate on "raw" (unprocessed) signals. Ex
amples of the first category are the 
Dolby A and B systems, JVC's Automat
ic Noise Reduction System (ANRS), and 
the dbx system. In the latter category 
are Phase Linear's "Autocorrelator," 
Philips' Dynamic Noise Limiter (DNL) , 
and Burwen's noise-reduction system. 

The devices that encode the signal 
before recording or transmission first 
pass the signal through an encoder and 
then through a decoder. In essence, 
these "two-pass" systems are noise
preventive devices because they do 
nothing to remove noise already in the 
program but attempt to prevent it from 
creeping in between the encoder and 
decoder. The unencoded "single-pass" 
systems attempt to remove noise al
ready in the program. 

Two-pass processors generally em
ploy complementary signal compressors 
and expanders, called companders. 
During processing, the dynamic range of 
the signal is compressed so that a two
fold increase in the input signal causes 
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The 2:1 lin ear compander characteristic of the dbx system 
i llustrates how dynamic r ange is compressed and then restored. 

BY WILLIAM S. GORDON 

less than a two-fold increase in the out
put. The actual input/output characteris
tic .depends on the compression ratio 
used. For example, a 3:2 ratio causes a 
2-dB output increase for every 3-dB in
crease in the level of the input signal. 
This means that a 60-dB dynamic range 
can be compressed into an output signal 
with only a 40-dB range. 

Compression is important because 
the dynamic range of many program 
sources exceeds the range of modern 
state-of-the-art hi-ti equipment, espe
cially tape recorders and FM tuners. A 
symphony orchestra can have an 80-dB 
dynamic range, but a recorder might 
have a range of only 55 or 60 dB. By us
ing a 2:1 compression ratio, the entire 
80-dB orchestra range can be com
pressed down to 40 dB, which is well 
within the average recorder's capabili
ties to handle. 

The signal-to-noise ratio (S/N) can 
give you an idea of the capabilities of a 
piece of equipment. The maximum level 
a device can handle is determined by 
the point at which distortion reaches an 
unacceptable level (generally 3% THO 
in consumer equipment and 1 % in pro

' ' '' 

fessional equipment). The minimum lev
el that can be handled is determined by 
the "noise floor. " Signals that are lower 
in level than the residual noise of the 
equipment are lost in the hiss and hash 
at the noise floor. 

With sufficient compression, a wide 
dynamic range program can be 
squeezed into the limited range avail
able in a tape recorder. This assures 
that the program peaks will not be too 
high to handle, while keeping the mini
mal signals above the noise floor. 

A compressed signal must be ex
panded to restore its original dynamic 
range. An expander is the mirror image 
of a compressor. In it, a two-fold in
crease in program level at the input re
sults in a greater than two-fold increase 
in the expander's output signal. To re
store the original dynamics of the signal 
in the above example, a 2:3 expansion 
ratio would be used. Hence, the 40-dB 
compressed signal would be expanded 
back up to its original 60-dB dynamic 
range. This opens up the top of the 
range and simultaneously pushes down 
the noise floor. The net effect appears 
as a reduction in the residual noise, so 
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the system qualifies as a "noise-reduc
tion" system. 

How Companders Work. Compres
sors and expanders are basically am
plifiers whose gain is varied by a volt
age. (Such a device is known as a volt
age-controlled amplifier, or vca.) They 
also include detectors that measure the 
signal level and produce the voltage that 
controls the gain of the amplifiers. 

The time constants of the detector cir
cuits must be chosen very carefully. If 
they are too short, the detector responds 
very rapidly and follows the low-frequen
cy signals. The vca's gain "chases" the 
low-frequency signals, increasing distor
tion and modulating the rest of the signal 
with a low-frequency tone. A very long 
time constant causes the detector to re
spond very slowly to the average signal 
level. Sudden transients get through be
fore the gain of the vca can be reduced. 
The transient will not be compressed 
and will cause the system to overload. 
Since the transient is detected, the sig
nal for the vca to reduce its gain will be 
delayed. Then, an audibly discrete inter-
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val later, the vca's gain reduces where 
no reduction is required and a "dropout" 
will be heard in the program. 

Another audible flaw in wideband, 
widerange companders is "breathing." 
When the input signal disappears or is 
greatly reduced in level, the gain of the 
compressor increases and boosts the 
level of any noise present in the signal. 
When the music level increases, the lev
el of the noise decreases, and when the 
music level decreases, the noise floor 
comes up. As the system operates un
der these conditions, it sounds like it is 
"breathing." Note that this is not noise 
introduced by the recorder between the 
compressor and expander (which is re
duced by compander action) but noise in 
the signal prior to compression. 

Enter the Dolby System. The Dolby 
noise-reduction system was originally 
designed to combat the problems inher
ent in companders. The professional 
Dolby A system divides the frequency 
spectrum into four bands, each of which 
is processed separately. This was done 
so that an increase in midband energy 

would not reduce the level of the lows 
and highs. Where there might be a lot of 
midband energy but little high-frequency 
content, the processor reduces the mid
band level to avoid overloading the re
corder. At the same time, it keeps the 
gain at the high end up so that the highs 
are not pushed down near the noise 
floor. This is important because psy
choacoustic tests reveal that low-fre
quency signals do not mask high-fre
quency noise, ·nor do high-frequency 
signals mask low-frequency noise. 
(Masking psychoacoustically makes one 
less aware of noise when a strong signal 
is present than when it is absent. Mask
ing of noise is effective only in the fre
quency range of the signal; hence, 
Dolby's use of the four-band approach 
to the problem.) 

The Dolby system employs the 
processor only on low-level signals, 
which are boosted above the noise floor, 
while high-level signals emerge un
changed. The lower the level of the sig
nal, the greater the boost. Hence, the 
processor is used only when signal lev
els approach the noise floor. The action 
of the system is less noticeable to the 
listener and overcomes the objections of 
previous full-range companders. 

The final improvement in the Dolby 
system is that the attack time of the 
compressor is variable. If the signal level 
increases dramatically, the attack time is 
very fast to minimize the time the system 
is overloaded. For less severe increases 
in level, the attack automatically slows 
down to minimize low-frequency distor
tion and modulation of the music by 
low-frequency tones. 

Having become the standard of the 
professional recording industry, the 
Dolby A system was later simplified and 
became the Dolby B system familiar to 
consumer products. The B system re
duces cost by processing signals in only 
the band where high-frequency hiss re- · 
sides. To make it more effective, the 
processor's upper frequency cutoff is 
made to automatically vary with signal 
level. As the level drops, the system pro
cesses a larger bite of the upper-fre
quency band. Since hiss is the major 
source of audible noise in hi-fi tape re
cording, the system is quite effective. 

Since only low-level signals are pro
cessed by the Dolby A and B system 
and in the consumer B version only a 
portion of the audible band is processed, 
there is a limit to how much noise reduc
tion can be achieved. In the case of the 
B system, this is approximately 1 O dB. 
And since the processor does not oper
ate over the entire dynamic range of the 
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signal, the signal must be standardized 
and matched for the decoder to properly 
track the encoder. Hence, the reference 
level, the so-called "Dolby Level," must 
be maintained to calibrate the chain. 

It is the signal itself that "tells" the de
coder where and how much expansion 
to use. If the level into the decoder is too 
low, the expansion will begin at too high 
a level. This will upset i he original bal
ance of the program. Similarly, if the in
put to the decoder is too high, expansion 
will not occur soon enough. 

JVC · followed Dolby's lead with its 
ANRS device, which functions in a man
ner quite si.milar to the operation of the 
Dolby B system. In fact, Dolby B tapes 
can be decoded by the ANRS circuit 
with quite good results. 

The dbx System. Th.e foremost com
petitor of the Dolby system is the noise 
reduction system developed by dbx Inc. 
This is a "classical" compander in that it 
operates over the entire dynamic range 
of the music. However, it has improve
ments over previous companders that 
make its action virtually inaudible. 

The d~x system is a linear 2:1 com
pander that compresses the 80-dB dy
namic range of the symphony orchestra 
down to a mere 40 dB. On the decoding 
end, the 40-dB range is expanded back 
up to 80 dB, pushing down the noise that 
was introduced by the tape-recording 
process to an inaudible level. 

Since the dbx system operates linear
ly over the full dynamic range, matching 
of signal levels is not particularly impor
tant. Any 1-dB rise in input results in a 
2-dB rise at the output of the expander. 
There is no "threshold" below which the 
system operates as there ,is in the Dolby 
B system. (Note, however, that any ir
regularities in recorder . frequency re
sponse or any amplitude perturbations, 
such as dropouts, that are introduced 
will be magnified by a ratio of 2:1.) 

One way dbx avoids the problems of 
classical companders is that it employs 

1 an rms detector to drive the vca, rather 
than the usual peak or average detector 
. used by previous companders. The rr;ns 
detector measures the power of the sig
nal and is unaffected by the phase dis
tortion introduced, in t~e taping process. 
Peak or averaging detectors, on the oth
er hand, are affected by phase shifts. 

Another solution is the use of variable 
attack times that quickly respond to 
large changes in level and slowly re
spond to small changes. Both attack and 
release times vary with the signal level 
and are optimized to simulate the time 
response of the hun4an ear. 
62 

The final solution is the use of 
high-frequency preemphasis before 
compression with complementary de
emphasis after expansion. This helps to 
reduce the effect of breathing by a factor 
of 12 dB. 

The SIN improvement of the dbx sys
tem is in the range of 40 dB, which con
trasts sharply with the 10-dB improve
ment provided by the Dolby B system. 
Although the !Dolby system tias a huge 
head start in the . recording industry, 
there may soon come a time when the 
system developed by dbx will replace it 
as the standard one in use. 

Single-Pass Systems. So far, our 
commentary has focused on two-pass 
systems designed to reduce noise only 
during the recording (or transmitting) 
process. Such systems do not reduce 
the noise already in the program. A 
great deal of work has been done to re
move the noise already in the program, 
and the result is the f3ingle-pass system. 

Two of these new systems are the 
Philips DNL and Burwen DNF that are 
both dynamic low-pass filters. The Phil- ' 
ips system was developed specifically to 
reduce noise in unencoded cassette re
cordings. (It is not widely available in the 
U.S.) The Burwen system is more flex
ible and can be used for tapes and 
discs. Both systems consist of low-pass 
filters whose cutoff frequencies are au
tomatically controlled by the program 
level. When there is a lot of high-fre
quency program energy, the filter 
"opens up" to let it through. Then when 
the high-frequency program energy is 
small, the cutoff frequency of the filter ' 
shifts downward to cut out the highs and 
the hiss. In essence, if there is enough 
high-frequency program energy to mask 
the hiss, the bandwidth of the DNF 
opens up to 30,000 H,z. But if the highs 
are missing and, hence, are unavailable 
to mask the hiss, the bandwidth nar
rows. In the absence of any signal, the 
Burwen DNF system starts to roll off 
above 500 hertz. 

The constants of the detector circuit 
thai senses the program level are criti
cal. The filter must open up rapidly to let 
a transient through and should close 
down rapidly to prevent a burst of .noise 
from following a brief transient or record 
tick. However, too fast a response tends 
to be audible. Consequently, the attack 
and release times are made variable ac
cording to the magnitude of the signal 
change. Depending on the program 
material and the contro! settings, the 
newest Burwen system p'rovides from 5 
to 14 dB of noise reduction. Since it is a 

I 

single-pass system, it operates on any 
program source. 

The Phase Linear "Autocorrelator" is 
more complex than the dynamic noise 
filters. It actually attempts to distinguish 
between music and noise by electronic 
means. Noise is typically random in na
ture and contains many frequency com
ponents that are not related to each oth
er, which makes it incoherent or uncor
related. Music, on the other hand, con
tains mathematically related tones and 
is coherent, with a high correlation fac
tor. The Autocorrelator consists of band
pass filters and a circuit that analyzes 
the signal ~or its degree of correlation. If 
it determines that the signal is music, it 
passes it through and those filters that 
correspond to the harmonics of the sig
nal are activated to pass the overton.e 
structure. If the signal is determined to 
be noise, the filters close down. It is ob
vious that this is a more sophisticated

1 

approach to noise elimination than the 
dynamic noise filter. 

Another sophisticated type of noise
reducing device is SAE's Model 5000 
pop and click filter. The premise used 
here is that clicks and pops are charac
terized by a rapid rise and ·decay, while 
music should exhibit a more gradual de
cay. Once a click or pop has tieen de
tected, that section of the program is 

. gated out and the previous program sec
tion is recalled and inserted in its place. 
Since the click or pop is very short in 
duration (on the order of 1 ms), this sub
stitution goes undetected by the ear. 

Most of the time, the Model 5000 re
mains completely passive. A threshold 
control establishes the sensitivity of the 
detection circuit. This is necessary be
'cause different records may exhibit 
slightly different characteristics. 

Conclusion. So far, noise-reduction 
systems have provided some impres
sive results. The effort to develop better 
systems is still going strong, but what 
the future hc;ts in store is difficult to pre
dict. As things now stand, the most dra
matic steps have been taken to reduce 
11oise. Most of what is left is the refine
ment of the systems we now have and 
the addition of a few more decibels of 
noise reduction. 

One or more of the noise-reducing de
vices we have mentioned certainly has a 
place in every high-quality hl-fi system. 
In fact, we can expect to see these de
vices incorporated into higher-quality hi
fi amplifiers and . receivers in the future, 
just as' all high-fidelity cassette decks 
now have noise-reduction systems built 
into them. O 
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WHETHER you own a new open
reel tape deck or a super-perform

ing stereo cassette deck, you'll have to 
decide which type of tape to use to get 
the best possible performance. If cas
settes are what you need, you can buy a 
60-minute (C-60) cassette tape for as lit
tle as 99¢ or you can spend up to $5.00 
for the same amount of recording time. 
In the case of open-reel tapes, an 1800
ft (550-m) reel may cost less than $6.00 
or you may spend more than twice that 
amount for the same tape length. Which 
kind of tape you buy will depend on the 
type of recording you intend to do and 
the kind of tape deck you own. 

For open-reel tape, selection involves 
physical considerations almost as much 
as electrical performance or fidelity . 
Broadly speaking, the two basic 
"grades" of tape are "standard and 
"high-energy," each of which requires a 
different bias setting on your machine. 
Lower priced standard tapes often have 
more residual noise and somewhat 
poorer frequency response than "premi 
um" tapes, though they may be suitable 
for noncritical recording applications. 

Generally, 1-mil-thick tape, with its 
1800-ft capacity on a 7-in. (17.8-cm) 
reel, offers the best compromise be
tween tape storage bulk and playback 
quality. Almost all open-reel tapes use 
ferric-oxide particle coatings even 
though there are still some differences 
between the products of different manu 
facturers. Mechanical differences in reel 
construction and accuracy of tape split
ting and dimensions and uniformity of 
coatings account for the wide differ
ences in prices. 

In contrast to open-reel tape record
ing, the quality of recording obtained 
with a cassette deck is more critically 
dependent on the compatibility (or lack 
of it) between the tape and the machine 
with which it is used. A growing number 
of tape deck manufacturers make spe
cific recommendations of tapes that 
work best with their products. However, 
even these suggestions require an un
derstanding of the kind of recording to 
be made and the nature of different tape 
formulations . 

BY LEN FELDMAN 

tortion normally caused by the nonlinear 
transfer characteristic of magnetic tape. 
However, not all tape formulations re
quire the same amount of bias for best 
results. Normally, ferric-oxide coated 
tapes require less bias than do chromi
um-dioxide (Cr02) tapes. Several new 
formulations that combine ferric-oxide 
particles with other elements such as 
cobalt (in a single-compound layer) also 
require the high bias settings of Cr0 2. 

In cassette tape testing, most manu
facturers determine the correct refer
ence bias for a given tape by recording a 
fairly high frequency (usually around 
6300 Hz) onto the tape while observing 
playback output as bias is gradually in
creased. At some bias setting, the out
put reaches a peak, after which a further 
increase causes the output level to drop 
off . The reference bias for the tape is set 
at the point where the output level has 
dropped off by about 2.5 dB beyond 
peak. Usually, a standard reference 
tape is tested in this way, and its op
timum bias point is identified as the "O 
dB" reference bias. Then, the tape un
der investigation is compared with the 
0-dB reference bias specified in dB. 

In Fig. 1 are shown the results of this 
test when performed on a well-known, 
low-noise, ferric-oxide tape. The op
timum bias has been established at a 
- 1-dB setting, relative to the standard 

-
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0-dB bias point. In Fig. 2, the same test 
was performed on a Cr02 cassette ; and 
the optimum point for bias was + 2 dB 
(with reference to the standard 0-dB 
bias point of the reference tape) . This 
means that the Cr02 tape requires a 
bias setting that is 3 dB higher than that 
for the low-noise, ferric-oxide sample. 

For any practical tape, the bias 
strength that results in the highest out
put at middle and low frequencies is 
greater than the ideal for high frequen
cies . Conversely, if the bias is adjusted 
to favor the highs, the middle and low 
frequencies suffer in terms of realizable 
output. Whatever bias point is selected, 
some degradation of signal-to-noise 
(SI N) ratio and overload distortion will 
occur in some part of the audio frequen 
cy spectrum. While increased bias tends 
to reduce distortion, no one setting can 
guarantee overall distortion reduction by 
the maximum amount at all frequencies . 
Thus, bias settings are always a com
promise, and the best tape permits the 
most favorable compromise. 

To demonstrate the effect of overbias
ing and underbiasing , we recorded a 
continuously sweeping series of fre
quencies (20 to 20,000 Hz) on a strip of 
ferric-oxide tape at a fairly high record
ing level. The results are shown in Figs. 
3 (underbiasing) and 4 (overbiasing). 
Note in Fig. 3 that high-frequency re-

I 
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+ 2 + 3 Correct Bias. A high-frequency bias - 3 - 2 - I 0 + I 
RE L ATI VE BIAS -dB 

signal must be added to the program 

signal to be recorded to reduce the dis- F ig. 1. Determining the bias level for a sample low-n oise tape. 


SEPTEMBER 1977 63 



1-m il \1 \\\\I ~ \Il lWI l\11 ill! Ill\ I\ im Hll llll li!i 11111 III I !!I'll I I I 
r:IW 1l·11 j-i li·~111:11 1 ill\ jl l ; 11:111'.1!j!1·:11: 111'11:1 1\11 Iii[: t; 1:T1:11 :1111 I 
w . . 11,1 I·· ' I I 11.. I '· 11h ,:,I . ·I I 1•1 ' , . ,. I · · ' 11., , ,I, 11 . .•. , I I I . 

__: i il 1l : ! p LJ I1·1 ! : ! 1: ; I.: ~ . ! ·- I I I; . . . i I T • j . J • i ! f . . j I i l ! 1 ~ ; : 1 11 ! i ! 1· 1 ! l . 

£:~~ [( ;;1! ::: : :: 1: i> : ~ . ~ ; · ~, :::j :;;: :: :: : 
1 

· :-~ill;:: :11 : ;:II · 
1 

~;~: : . ,'1 

:1 Ii !;!Fi~ lfr ;iii i!Ii :-! I iii i 11 ii v i: l ; i; J: 
• 

I: 11 j; 1I Iii! 11 i; :11 i ; I! 
•

!!11 i 

~ 11 ! !!1 IJ!I !!!! ~ 1;11 !!111!! I!~ 11! ~:11 ! mtt Ji!l IJ!U!\! I~ 11! !!! !! 
1 

! !; ;'t! 1:il !1\: !1:1 i:L 1:: 11, 11,. V( I: · ;:I: 1;11i~ I 1 1 :1:: 11 111 1;: 1: 1 

1r: !1 li i: 'Ii' i:: I:1' iI: !l! I~ rn r.••. I!; T li !' i11~L,:ii:1*Ti !i1 11!
;: ~[[i fl i iI i I I Ii ; ; i j I; ~ · 1I ! ! ::i Ii I i11 ; i ~ I li I i i 11 ii i i i I 

g ii lltlt ·111 111 l !I! ! l~~ i I 11 iI I11 i11 11 111 1111 I1Il I I! I 11111 I II 
n1 11mrrrnrn 11i'X'' .i 1TIT!i1 iJ. I! 1: 111mn n: 1111 111 11111, Iii 

·1·.,11 1'1 r: I'. j'1I!: : : : II ... : : I; :·, 11 I i 1·1: '!: i 1;; ~: : ! '1: : ·, 11 i ·1 '1 · ~ i: '1 II: :I! I! !1 I ii I: i:: 
: : I' ... ' :I . I . . . . . . . . I ·1i ._, . I . I •. I "' I. i . · 11 ! i 'I i I' I 
:::1 : ~ 1· '1,,1:.'1..11' l"I ·::·, ..:: :·11·+r.:-1. ::f.-'-e!-+-11 -!-T,.::.: ·,,; 1: :1":, ..11·~1.7.'ITI:·1· 1·1 '. " 11 · ' I "I . I.. . . 1· . ·- " 1··1 .. ' . 'I I , ..Ii II Ill ii 1::! :, 1 I:, 11:: ; ,1: . ,I ;~ :: 1' :: 

1-ii ~ , .• 1' . : ' i I., j : I 

l!I' 11'.· \ii 11111:111 !!! 1;:1 ii'~ :1 ·1111 !~ ;I 
I 

:'I.: l~i\ 1::1 ~ · : 11·1 I 
I 

I ':Ii 11:1 ,·1:1Ii! ! I 1' 1 r:.' r •II •I_ ,IL !J L~....:..:L~!' !ii_;_ ~11J.L .J.l I ' '-2..._ 
I ! ' j 11" I' ' . I . . T,T. I . I • . I ! . I "Tl . I Tl "' . ' . i 1· .. -;-Tl . I-; " l ' I I ' --;-:-rr--:nl I ' I 

: . ; i . : : I '. i '.: 111 ·; 1 ~: . : ~I' . ; • '. I :~ : . • l.': I: I: ~ (. 1' 'i ' i J: : ! ! "I• j 

• 1'. · !1/• ·· •·• ··t 11' ''' ' • '1 !''' It! ' I' '' '' '' ! ' ' 


-3 -2 -I 0 + I + 2 + 3 
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Fig. 2. Determining the bias level for a sample of Cr02 tape. 

sponse obtained in the underbiased monic contribution, and the general ran
condition is excellent. In fact, there is dom noise content is much lower. 
even a slight rise in response above 
10,000 Hz before the response rolls off Equalization. Once the proper bias 
in the 20,000-Hz region. In Fig. 4, how for a given tape has been selected, it is 
ever, the response begins to fall off still possible to tailor the frequency
gradually above 1000 or 2000 Hz and response capabilities of that tape by a 
really takes a giant dip beyond 10,000 process called equalization. Up to acer
Hz. Each vertical division in the photo tain frequency, if a recording is made on 
equals 10 dB of amplitude. magnetic tape, the playback system 

From the results shown in Figs. 3. and "reads" that signal with a rising ampli
4, one might conclude that the best per tude characteristic as the frequencies 
formance from any tape is obtained with are increased. Since we want a "flat" 
underbiasing. However, the curves do frequency response, a rolloff in re
not reveal what happens to harmonic sponse is built into the playback elec
distortion if a given tape's bias is set too tronics so that the net response, hope
low. In Fig. 5, the spectrum analyzer fully, will be flat. 
was used once more to examine the dis Playback equalization in a tape deck 
tortion and noise components of a repro is generally standardized and fixed to 
duced 1000-Hz signal, as recorded on obtain reasonably flat playback results 
the underbiased deck. The large spike from any tape recorded on one tape 
at the center represents the desired fun deck and played back on another. 
damental output (1000 Hz), while the Recording equalization, however, is 
spikes to the right, notably at 3000 and variable and is designed to match the 
5000 Hz, are components of third- and particular tape you use and generally in
fifth-harmonic distortion. The third-har volves a specified amount of treble 
monic component is only about 33 dB "boost" added to the record electronics 
below the fundamental or about 2.2% of to compensate for the high-frequency 
the signal content. The random spikes rolloff that occurs above a given high fre
represent residual tape noise as repro quency. As with bias, record equaliza
duced during playback of the 1000-Hz tion is often adjustable by means of a 
recorded signal. switch on the deck's control panel. Most 

Figure 6 shows what happens to a equalization switches have only two or 
1000-Hz signal in the overbias condition three positions that generally approxi
that resulted in the frequency response mate the right playback conditions for 
of Fig. 4. The third-harmonic distortion many of the tapes on the market. 
component has gone down to about 44 In recent years, manufacturers of cas
dB below the fundamental. This corre settes have tried to make tapes that give 
sponds to distortion of about 0.6% but best results when used with the most 
there is little if any evidence of fifth-har- commonly available equalization set
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tings of most machines. The two most 
popular settings of equalization are 70 
and 120 µs, the figures representing the 
time constant provided by the resistor
capacitor combination that gives the re
quired 6-dB/octave response slope. The 
120-µs equalization setting begins to 
boost high frequencies during recording 
at a lower turnover point than does the 
70-µs setting that has been standard
ized for Cr02 tapes and some of the 
more exotic ferric-cobalt tapes. 

Let us see what happens to the re
sponse if the wrong setting is used for a 
given tape during the recording process. 
For one series of tests, a ferric-cobalt 
tape requiring the 70-µs equalization 
was used. After adjusting the bias for 
optimum, the proper equalization switch 
position was set and a frequency re
sponse check was run. The result (the 
lower trace in Fig. 7) shows a good, flat 
response curve, similar to that shown in 
Fig. 3, but with somewhat greater rolloff 
at the high end because of the correctly 
adjusted bias. Without altering the bias 
setting, the run was repeated with the 
120-µs equalization setting. The result 
is the upper trace in Fig. 7. Overboosting 
during recording resulted in an overem
phasized rising high-end response dur
ing playback. 

Next, a low-noise ferric-oxide tape 
was tried. It normally requires the 
120-µs equalization characteristic. With 
this equalization and the correct bias 
setting, we obtained the upper trace in 
Fig. 8. The response is nice and flat to 
well beyond 15,000 Hz. In a second 
sweep, the equalization switch was set 
to 70 µs ; and, as can be seen in the low
er trace, the response during playback 
rolled off severely, starting at about 
2000Hz. 

Characteristics. Here are details on 
other key specifications. 

Sensitivity of a given tape is the deci
bel difference between the output and 
input levels when an input 20 dB below 
the reference level (0 dB) is recorded on 
a tape. If the recorder used for this test 
has been biased properly, equalized flat 
and input/output adjusted to be equal 
for a standard reference tape (a German 
DIN standard, known as Bezugsband 
4.75/3.81 tape is often used as the 
standard), the data obtained is the sen
sitivity of the tape under test relative to 
the reference tape. For cassette tapes, 
333- and 12,500-Hz tones are used for 
sensitivity tests. Typical results obtained 
for standard and high-output tapes are 
plotted against bias settings in Fig. 9. As 
can be seen at the "optimum bias"' inter-
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Fig. 3. Too 1ew a bias may improve 
a tape's high-end response but degrade 
other performance characte;;stics. 

' Ag. s. Under-biased tape sample 
rel?roduces 1-kHz signal with high 
third~rder harmonic distortion. 

Fig. 4. Overbiasin9 causes 
high-frequency roll-off 
in tape playback as shown here. 

Fig. 6. lncreased bias iowers' 
third-orG(er harmonic distortion cotJtent 
for this 1-kHz recorded test signal. 

Fig. 8. When Cr02 equalization setting ' 
is used with standard ferric-oxide tape, 
response at high end has severe ro//Q_ff. ' 
(lower trace). Uppertrace shows 
response obtained with correctly set 
equalization switch fsr this tape. 

/ Fig. 7. Upper trace, with rising high-end 
response during playback occurs when 

"' 	 ~weep freque,ncies are recordedconto tape 
requiring cr02 t¥Iualization with switch 

• set to '-'standard" position. Lower sweep 
was plottf!d usi!!_g correct setting. 
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Fig. 9. R elative output sensitivities of standard and high-output tapes. 

section, the high-output tape is more el in, cassettes is usually 333 or 1000 Hz. 
sensitive than the standard tape by Some tape manufacturers als'o specify 
nearly 2 dB at middle frequem:ies and maximum output at a high frequency; in 
by 6 dB at 12,500 Hz. This means that the case of cassette tapes, a 12,500-Hz 
the higher-output tape affords a few ex signal is usually used for these tests. 
tra decibels of dynamic range above the Biased tape noise is also often speci
noise threshold. fied by tape makers. This is the level of 

Maximum modulation level is the re residual tape noise (referred to a specif
corded output level of a given tape that ic reference level) when it has been re
exhibits 3% third-order harmonic distor corded with bias signal only and with the 
tion. It is sometimes plotted as a function bias signal weighted or modified by the 
of bias level. In Fig . 10, are plotted the use of a standard noise-weighting net
maximum output levels of two different work. The biased tape-noise level for the 
tapes that have widely differing max two tapes tested in connection with max
imum output-level characteristics. The imum output level is also shown in Fig. 
frequency used for maximum output lev- 10. The difference between the noise 
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Fig. 10. Maximum output l~vels and biased tape noise for two types of tape. 
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level and the maximum modulation con
stitutes the maximum dynamic range of 
each tape. 

Tape Is Different. As we have seen, 
tape cannot be looked upon in the same 
way that we consider other program 
sources in high fidelity, such as phono
graph discs or FM signals. All discs are 
recorded with the same equalization 
and, therefore, only one fixed setting of 
playback equalization (RIAA) is required 
in preamplifier circuits. There are, of 
course, differences in disc quality that 
result from the use of different grades of 
viny.I from which discs are pressed. 
However, these differences are minor 
when compared with the differences that 
exist among the many grades of cas
sette tapes available. 

Radio FM signals also employ a form 
of equalization known as "preempha
sis," which has long been standardized 
in this country. Hence, all tuners provide 
correct deemphasis for FM 1 reception, 
and difference in program quality de
pends on signal strength and the overall 
quality of a tuner or receiver. 

In our discussion of the electrical 
properties of cassette tapes, we haven't 
stressed mechanical properties. These 
include: accuracy of tolerances main
tained in the cassette housing (which 
can affect smoothness ,of tape travel); 
uniformity of magnetic · coating and 
smoothness of the coated surface (both 
of which, if poor, can cause dropouts or 
momentary lapses of reproduced 
sound) ; tensile strength of the plastic 
base material itself (poor tensile 
strength can lead to tearing or stretching 
after repeated use); friction-reducing 
techniques used to insure smooth, uni
form tape motion within the cassette 
housing; etc. 

All of these qualities, in some mea
sure, determine the price of a casette 
and its usefulness for recording applica- · 
tions. Obviously, if all you want to record 
are baby's first words or a business con
ference, response to beyond 15,000 Hz 
is of little importance. (Though mechani
cal reliability of the cassette itself may 
be of as great importance as if you were 
recording a once-in-a-lifetime live con
cert over FM.) On the other hand, if you 
want the finest results from your cas
sette deck (or even from your' open-reel 
machine), it pays to research the ques
tion of which tape is best for you. It is im
portant to choose the brand and type 
whose formulation in relation to the 
switch setting available on your tape 
deck has the right "compromises" for 
your needs. o 
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T ODAY'S state-of-the-art audio com

ponents yield levels of performance 
unattainable a few years ago. However, 
most of us can't update our sound sys
tems as frequently as technological ad
vances are. made. This project-an add
on phase-locked-loop multiplex decod
er-will allow the user to improve the 
stereo FM demodulation of an existing 
receiver or tuner for about $25. Only a 
few hours of assembly and alignment 
time is required. The PLL decoder will 
not only improve channel separation 
and lower distortion levels, but will also 
select deemphasis time constants for 
standard and Dolby-FM broadcasts. 

About the Circuit. The heart of the 
PLL multiplex demodulator is the 
LM1800A, an IC manufactured by Na

tional Semiconductor. A block diagram 
of the LM1800A is shown in Fig. 1. The 
phase-locked loop comprises a voltage 
controlled oscillator (vco), frequency di 
viders, phase detectors, low-pass filter
ing and an error ampli fier. Also included 
are a voltage regulator allowing opera
tion from 12-to-24-volt supplies, auto
matic stereo monaural switching, and 
use of a stereo indicator lamp. 

In the absence of an input signal, no 
error signal is generated and the vco os
cillates at a frequency designated as f0 . 

When a composite FM signal is applied 
to the input, the loop phase detector 
generates an error signal which is fil
tered and amplif ied . This amplified error 
voltage shifts the oscillating frequency of 
the vco to exactly 76 kHz. Filtering per
formed at the phase detector and error 

amplifier prevents modulation of the vco 
by the in put signal. 

The vco input frequency is divided by 
two, resulting in a 38-kHz carrier used in 
the synchronous demodulation of the 
composite signal. Passing the 38-kHz 
signal simultaneously through a pair of 
-7- 2 counters produces two 19-kHz sig
nals which are applied to the IC's two 
phase detectors. If the 19-kHz pilot sig
nal drops below the level at which a sat
isfactory stereo signal can be recovered, 
an electronic switch causes the IC to 
produce a monaural output. 

The schematic diagram of the com
plete multiplex detector is shown in Fig. 
2. Input signals are capacitively coupled 
by CS to level control RS. Capacitor C4 
passes the composite FM input to the 
base of 01 , which amplifies it to a level 
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dividers, phase detectors, 
low-pass filtering 
and error amplifier. 
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C5 
IOµF 

R6 
IK 

R2 
470K 

C22 
3 30pF 15 

Rl5 
22K 

Rl 2 
3.9K 

ICI 
LMI SOOA 

3 4 

Rl3 
3.9K 

Cl5 
. 47µF 

12 +>----1 HJ4LEFT 
OUTPUT 

Cll 
IOµF 

IC 2=µA747 *sEE TE XT 

F i g. 2. S chema.tic of the 
mult·iplex detector. Transistor 
Q.l amplifies the ·input to 
drive the PLL. Operational 
amplifiers IC2A and I C2B 
form active low-pass filt ers. 

PARTS LIST 
Cl,C3 through C7 ,Cll-IO-µ.F, 25-volt tan

talum capacitors 
C2 ,C9 ,Cl2- 220-pF disc ceramic or silver 

mica capacitor 
CS,CI0--440-pF disc ceramic or silver mica 

capacitor (can be two 220-pF capacitors in 
parallel) 

C 13--0.05-µ.F disc ceramic capacitor 
C 14---0 .002-µ.F disc ceramic capacitor 
Cl5, C2 l--0.47-µ.F Mylar capacitor 
Cl6,CI8--0.0068-µ.F, ± 10% Mylar capaci

tor 
C 17 ,C19--0.015-µ.F, ± I 0% Mylar capacitor 
C20--0 .22-µ.F Mylar capacitor 
C22- 330-pF disc ceramic or silver mica ca

pacitor 
11-12-V, 35-mA pilot light 
IC 1-LM I 800A PLL multiplex decoder 
IC2-747 dual operational amplifier 
JI through 14-RCA phono jacks 
Q 1- 2N5232 npn si licon transistor 
The following are linear-taper, pc trimmer po

tentiometers: 
R 1- 50 ,000 ohms 
R5-200,000 ohms 
R16-10,000 ohms 
The following are 10% tolerance, Y<i-watt car-

bon-composit ion fixed resistors: 
R2-470,000 ohms 
R3,R 14-3300 ohms 
R4-I Megohm 
R6- I 000 ohms 
R7-See text. 
RB through RI 1-33,000 ohms 
R 12,R 13-3900 ohms 
Rl5-22,000 ohms 
S 1- Dpdt slide or toggle switch 
Misc. - Printed circuit board , suitable enclo

sure, hookup wire , shielded cable , pilot 
light jewel , hardware, solder, etc. 

Note-The following are available from Ne
tronics Research and Development, Ltd . , 
333 Litchfield Road, New Milford , CT 
06776: complete kit including all compo
nents , pc board, screened enclosure, less 
audio cables, $24.95; complete kit as above 
but less screened enclosure, $19.95. U .S . 
residents add $1.50 postage and handling; 
Canadians add $3.00. For receiver connec
tion info, send schematic, SAS envelope 
and $ I (free if purchasing kit). Connecticut 
residents add 7%,sales tax. 
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that will properly drive the phase-locked 
loop. The parallel combination C2R1 
provides compensation for high-fre
quency rolloff in the tuner's i-f and detec
tor stages. Resistors R12 and R13 and 
capacitors C16 through C19 provide 
deemphasis for multiplex decoder /C1. 
When S1 is in the STD position, the 
standard 75-µs FM deemphasis charac
teristic appears. Placing S1 in the DOLBY 

position changes the deemphasis to 25 
µs, which corresponds to the reduced 
preemphasis used in Dolby-encoded 
broadcasts. 

Operational amplifiers IC2A, IC2B, 
and their assoqiated components form 
active low-pass filters with 16,000-Hz 
cutoff frequencies and 12-dB/ octave 
slopes. These filters attenuate any 38
kHz carrier and . 67-kHz SCA compo
nents which would otherwise appear at 
the left and right audio outputs. If 
allowed to pass, these signals could 
cause beats and whistles when program 
material is recorded on tape. Indicator 11 

· glows in the presence of stereo pilot car
rier. Jack J2 is wired in parallel with input 
jack J1, providing access to the compos
ite FM signal for such accessories as 4
channei' and SCA demodulators . . 

Construction. Printed circuit guides 
for the project are shown in Fig. 3. 

- Mount all components on the board, 
' paying close attention to pin basing and 

polarities of semiconductors and elec
trolytic capacitors . Power can be tapped 
from any + 12- to + 24-volt de source. 
The tuner's i-f stage or existing multiplex 
decoder is usually powered by a + 15- to 
+ 20-volt supply which can be utilized for 
this purpose. Select the value of R7 in 
kilohms according to the equation : 

R7 = (V supply - 12)/55 

A one-watt carbon composition resistor 
will have adequate heat dissipation ca
pability for this application. 

The tuning lamp used in the author's 
prototype (and supplied with the kit) 
draws 35 mA at 12 volts. If you substi
tute another incandescent lamp or a 
LED and current limiting resistor, modify 
the equation for the value of R7. Re
place the 55 mA in the denominator with 
the sum of 20 mA (the current required 
by the PLL and active filters) and the 
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Fig. 3. E tc hing and drillin g gui de for 
multiplex decoder is shown at lef t. 
Component placement guide is above. 

.current required by the indica\~r. For ex
ample, if a LED and resistor drawing 20 
mA are used, the ·denominator would be 
40mA. 

The project can be mounted in the 
tuner cabinet or housed in a separate 
enclosure. If it is placed in the tuner ca
binet, mount S1 on the rear panel of the 
tuner and connect it to the pc board via 
low-capacitance shielded cable such as 
RG-59-U. The same type of cable 
should also be used to conduct the com
posite FM signal from the detector out
put to the input of the multiplex decoder. 

Q7 

If your tuner or receiver has a "com
posite FM" or "FM detector" output jack, 
the required signal is available there. If 
not, you will have to locate the FM de
tector and tap the signal at that point. 
The partial schematic of a typical FM re
ceiver is shown in Fig. 4. The composite 
signal is obtained by disconnecting the 
existing multiplex decoder and tapping 
the signal at point A. 

The left and right audio outputs are 
available at jacks J3 and J4. If you are 
using the project in place of the multiplex 
decoder in a tuner, you can either use 

R33 
IOO K 

C4 0 

l 0 2UF 

these jacks in place of those in the tuner, 
assumin9 the decoder is mounted exter
nally. If it is mounted internally, you can 
disconnect the outputs of the existing 
multiplex decoder from the output jacks 
on the tuner's rear panel and connect 
the outputs of the decoder's active filters . 

Similarly, if you have a receiver and 
are mounting the project in an external 
enclosure, you can connect the decod
er's outputs to the tape monitor circuit. 
Mounting the decoder inside the receiv
er cabinet suggests an internal connec
tion. Remove the output leads at the ex-

R .'· ~ ..4 . ~K 

R 36 
4 .7K 

0 

Fi g. 4. Partial 
schematic of typi cal 
FM receiver. Com posi te 
signal is obtained by 
disconnecting existin g 
multi plex decoder 
(circuit below C34) 
an d tapping sign al 
a t point A. 
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+ 2 l v 
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Cl25 

¥ 

R26 
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R28r 
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H43020436 
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220 
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IK 
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isting multiplex decoder running to the 
appropriate lugs on the receiver's MODE 

switch. Then connect them to the decod
er's active filter outputs. 

Alignment. When properly aligned, 
the project will provide performance as 
.outlined in Table I-assuming no degra
dation in the tuner's i-f and FM detector. 
Two typical receivers were used with the 
PLL decoder. Results are shown in Ta
ble II. The alignment procedure about to 
be described requires no test instru
ments, but will yield good results. The 
author was able to improve the stereo 
separation only 2 dB when instrument 
alignment was performed with an ex
pensive FM stereo generator. 

Rotate potentiometers R1 and R16 to 
the midpoint of wiper travel, and RS for 
maximum signal ·drive at the base of 01 . 
Tum on your receiver and tune in a sta
tion broadcasting in stereo. Indicator 11 
should glow. If not, adjust R16 until it 
does. Then turn R16fully clockwise. If 11 
still glows, adjust RS until the indicator 
just goes out. Slowly rotate R 16 counter-

TABLE II-RECEIVER MqDIFICATION RESULTS 
l ·, . .'\ . l . 

·SOny STR-6060FW, ··. Ha~an. !(ardon SR900 : . 
·BEifore After . Before After· 

. $tereo Separation--1 OOHz: " 2P·dB 32 dB .. 25 9-~ ~.,,. 30 dB' 
1000 Hz: 28 dB 42 dB , 32 dB 42 dB 

10,000Hz: ' 18dB' 30dB °'· _, , 2?dB 3~dB
1.. 

Total l:farmonic Distortion (1000 Hz); - 0.5% 0.3% 0.25% 

'·' 

clockwise until the lamp begins to glow. 
Note the position of the control. (It may 
be necessary to adjust RS slightly.) 

Next, turn R16 fully counterclockwise, 
adjusting RS again if necessary to extin
guish the lamp. Slowly rotate R16 clock
wise until the lamp glows, noting the po
sition of the control. Set R16 midway be
tween the two positions noted. Adjust 
RS until the lamp goes dark, then slowly 
turn _it until the lamp just starts to glow. 
Advance the wiper of RS another 10°. 
This will properly tailor the input level to 
decoder IC1 . 

Potentiometer R1 is included in the 
circuit for adjustment if test equipment or 

a cooperative FM broadcast engineer is 
available. Since all stations must con
duct tests and certify the quality of their 
signals once a year, you can easily 
check out adjustments. Call several lo
cal stations and ask when they will per
f.orm the tests. If it is late at night, the en
gineer might turn off a channel for 30 
seconds or so. While only one channel 
is being, transmitted, adjust R1 tor max
imum separation at any mid-band fre
quency. Note, however, the setting of 
R1 will not have a critical effect on the 
performance of the decoder and can 
simply be left midway between the two 
adjustment extremes. O 

BY ROBERT P. BALIN 

1Which of these audio waveforms 
indicates the use of tremolo 

and which is vibrato? 

A B 

2 If the vertical frequency 
used to produce these Lissajous 
patterns is 1000 Hz, which has 
a horizontal frequency of 1200 Hz 
and which is 1250 Hz? ' 

A 
A 

.3 With this crossover network, which speaker 
Bis the woofer and which the tweeter? 

B 
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47 

4ot these 300-ohm attenuator 
pads, which produces a 6-dB 
signal voltage loss and 
whir.ha 12-dB loss? 

n-NMW..-• ·-WM~ 

A B 

L-~~~~~--<1--~-......~~-

A B 

5which of these square-wave audio 
test signals indicates low-frequency 
attenuation and which high-frequency? 

i 

B 
1'6 Which tape-head condition produces an 

azimuth error and which a zenith error? 

~._....,_---I~-

B 

I 
7 in this phone-amplifier tone 

A B control circuit, which pot is 
for treble and which is for bass? 

8 Which audio test signal 
has been affected by intermodulation 
and which by overmodulation? 

A B 

9 Which scope pattern indicates that 
two audio sine waves are in phase and 
which that they are 90° out of phase? 

10 Which speaker baffle is known as a A 
resonant column and which as an air coupler? 

·v 'sseq '8 ·a1qaJ.l ·L ·s 'J8)88Ml :v 'J8jOOM ·c 
·v 'rn1dnoo :9 'uwn1o:::i ·o~ ·s '4l !L!8Z :'i 'Ll!nL'i !ZV ·g ·s 1ZH osc:~ :v 'ZH oou ·c: 
·s '1no 006 :v ·ase4d u1 ·5 ·g '4fi!4 :v '1b11<inb<"JJ-:.\01 ·s ·v OjeJq!A :9 'OJOW8J.L . ~ 

·v 'JaAo :s 'uone1npowJa1u1 ·a ''17"8P C: ~ '.8 '8P 9 ·v Sl:l3MSNV 
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-------------------

Print Your Heart Out. 

With help from the Digital Group, naturally. 

Now, that small computer system you own or have been 
considering for personal or business use suddenly be 
comes a lot more usable-with the addition ·of a full-size 
impact printer from the Digital Group. A printer designed 
for small computers that need big output (like yours) . 

With the Digital Group printer, you can print your heart 
out. .. and it won't cost an arm and a leg. The Digital 
Group printer is available for less than $500. That's 
right-$500. 

Just look at these specifications: 

• Fast-120 characters per second 
• 96 characters per line 
• 12 characters per inch horizontal 
• 6 lines per inch 
• Makes up to 4 copies simultaneously 
• Character set and _{'itch variable under software 

control-double width characters, etc. 
• 5 x 7 character matrix 
• Ribbon has built-in re-inkers for a life of 


10,000,000 characters 

• Paper can be either a standard 81/2-inch roll, fanfold 

or cut page 
• Interfaces to 8-bit parallel ports 

CIRCLE NO. 17 ON 

There are lots of capabilities and outstanding features of the 
Digital Group printer. .. and (as always) the best news is 
our price. Kit prices start as low as $495 for the printer and 
interface card. It simply can't be beat. 

Find out all the facts about the Digital Group printer now. 
Just fill in the coupon below or give us a call for the details. 
We think you'll find a place for our printer in your system 
... and in your heart . 

.____(fdfl@_ 0 

@[®o 1Jl@Oo--=u@1!J[g)•_ -=-_ ® _ ___:::"'---~) 
P.O . Box 6528 
Denver, Colorado 80206 
(303) 777-7133 

Quick. I want to print my heart out. 

Send me all the details on your full-size impact printer. 


Address -------------------- 

City /Sta te/ Zip ___________________ 

Please print. 

ffiEE INFORMATION CARO 
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FIRST .WEST COAST COMPUTER FAIRE BY TOM MUNNECKE 

S AN FRANCISCO was the setting last April for the First 
West Coast Computer Faire, which may become the 

Woodstock of the personal computing movement. Almost 
13,000 people attended the 165 exhibits, 107 lectures, 17 
home-brew demonstrations and two banquets. 

The crowd was as kaleidoscopic as one would expect in 
San Francisco. Among them were a blind man seeking braille 
production equipment and voice synthesizers; Berkeley pam
phleteers warning of government restrictions against home 
computers ; artists looking for a new medium for artistic ex

pression; and a father looking for aids for his deaf child . 
Banquet speakers told of the coming revolution in home 

computing. Ted Nelson predicted that the "cybecrud" coming 
out of the large computers would be counteracted by the 
masses of personal computers. What used to be a topic for 
science fiction writers has come true, with the help of MPU's. 

There were 37 conference sessions, covering everything 
from "Tutorials for the Computer Novice" to "Heretical Pro
posals." Commercial exhibitors had on display all their latest 
products, including electronic music synthesizers, speech 

1 Prototype of Commodore's PET 2001 , an 
"appliance-type" computer based on the 

2 A portion of the exhibit hall, where 
165 vendors displayed their wares to 

3 Dr. Franz Frederick, Lafayette, Indiana, 
shows his " turtle" to Michael Rubinstein. 

6502 MPU. Computer provides built-in BASIC, 
a graphics or character-oriented CRT, 
cassette storage, and 4k of RAM in a 
factory-assembled unit. 

12, 750 people . The crowd and the size of 
the exhibition made it almost impossible to 
see all of the interesting 
computers on display. 

Built in three weeks from surplus parts, it 
is controlled by a homebrew 6800 system to 
draw pictures while moving about the floor . 
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synthesizers and recognizers , and 64k memory boards. 
A new class of computers emerged at the Faire-the so

called appliance computer . Meant to be purchased much as 
one would buy a television receiver or stereo tuner, these 
computers are complete systems that require no assembly. 
Apple Computers, Inc. , showed the Apple II , a 10-lb (4.5-kg) 
microcomputer with keyboard, color-TV and audio cassette 
interfaces, game paddle, and BASIC built-in for $1300. Com
modore International had a working prototype of its PET 2001 
computer, which has a CRT, keyboard, cassette drive, IEEE 
488 interface, and built-in BASIC; price goal is the $500-$600 
range. Commodore sees the personal computing market as a 

merger of the electronic games and calculator markets and 
expects the same dramatic decline in prices as more of the 
semiconductor manufacturers join in the competition . 

There was a general air of amazement at both the number 
and sophistication of the products offered by the vendors. 
Since the January, 1975 POPULAR ELECTRONICS article intro
ducing the Altair 8800 microcomputer, a dozen new compa
nies have emerged to offer Altair-compatible mainframes; 
memory boards have increased 16 times in capacity ; an array 
of compatible peripherals is being offered ; and a whole new 
generation of computers has emerged . And all those people 
came to San Francisco to see it happen. 

Rich Gold·s "Mr. Computer" is based 
4 Angela and Joanna Prelesnik, of Santa 5 Dennis Wong. from Mountain View. 

shows his computer-based payroll 6 on a KIM-1 and 200-byte program. Its Clara, react to the PET's showing of their 
coded messages (via LED displays in its lunar landing module's crash on the system for small businesses . System 
mouth) are interpreted by Rich in storybook moon. MOS Technology 6502 architect consists of a Processor Tech. SOL 

Chuck Peddle is shown looking on at left. microcomputer. a North Star Floppy Disk. form. He plans to add video graphics 
and Memorex printer. all for less than $3000. and electronic music output. 

SEPTEMBER 1977 

6 

75 



PART2 

How to use various accessories to 

LAST MONTH, we described the cir
cuitry and construction of the Ca

bonga electronic percussion synthesiz
er. Now here are four accessories-the 
Snare Drum Adapter, the Auto Trigger, 
the Sound Modifier, and the Combiner/ 
Power Pack. Methods of interconnecting 
them with each other and the Cabonga 
will be shown . The result of these 
patches will be a flexible and expand
able percussion synthesizer system. 

The Cabonga has two jacks which, 
until now, you have not used . They are 
marked EXTERNAL TRIGGER and EXTER

NAL POWER. The. EXTERNAL TRIGGER 

jack will be used with the Auto Trigger 
and the Snare. The EXTERNAL POWER 

jack will accept ± 9 volts from the Com
biner/Power Pack. Actually, all Cabon
ga system components could be pow
ered by 9-volt batteries. Cost, however, 
makes this an unattractive proposition in 
a multi-component system. 

The Combiner/Power Pack will not 
only provide ± 9 volts de (if 11 7 volts ac 
is available) , but also includes a unity
gain active mixer. This mixer will sum up 
to five input signals and present them at 
a low-impedance output. In practice, all 
Cabonga components will operate with 
supplies ranging from ±8 to ±15 volts 
de. Accordingly, the Combiner/Power 
Pack does not include such features as 
voltage regulation , foldback current li
miting, etc. If you're a purist, you can 
add them; but you will probably not be 
able to hear any difference. 

The schematic of the Combiner/Pow
er Pack is shown in Fig. 6. A full-wave 
bridge composed of D 1 through 04 rec
tifies ac from T1, a 12.6-volt, 1.2-ampere 
center-tapped transformer. Pulsating de 
produced by the bridge is filtered by 

achieve greater flexibility. 

BY JAMES BARBARELLO 

electrolytic capacitors C1 and C2. The 
± 9-volt output of the power supply is 
routed to jacks J1 through J6 and to /C1, 
the unity-gain summing amplifier. 

Etching and drilling and parts place
ment guides are shown in Fig . 7. Be 
sure to observe polarities and pin basing 

RI 

IOK 


J7~ R2 R6 
IOK IOK 

JS~~WNv--. 
R3 

MIXER ~ IOK
INPUTS J9 

R4 
IOK 

::: : ~-'v'IMVY-.. v+ 

COMBINER/POWER PACK 

PARTS LIST 


CI, C2-2200-µ.F, 16-V electrolytic capacitor 
DI through 04--1 N400 I silicon diode 
F l- Y2-ampere fuse 
11-120-V ac neon pilot lamp assembly (Ra

dio Shack 272-703 or equivalent) 
ICl-µ.A 741CVoperational amplifier 
JI through J6-Miniature phone jack 
J7 through J 12-Standard phone jack 
RI through R6-10,000-ohm, V..-watt, 10% 

carbon composition resistor 
S 1-SPST switch 
Tl-12.6-V, 1.2-A transformer 
Misc.-Printed circuit board, ac line cord, 

etc. See photo p. 80 for kit prices. 

of semiconductors and electrolytic capa
citors. The Combiner/Power Pack 
should be housed in an enclosure mea
suring about 9\14'' x 4" x 2Y:z" (23.5 x 
10.2 x 6.4 cm) . The top and bottom of 
each wall should be rabbeted to provide 
a %" (9.5-mm) deep x \14'' (6.4-cm) 

Cl 
2200µF 

v+ 

~JI 

~J2 

~J3 POWER 
ICl=µA741CV 

~J4 
SUPPLY 
OUTPUT 

Jl2 

~MIXER_l OUTPUT 

~J5
PIJ6 
v-

Fig. 6. Schematic of 
Combiner/Power Pack. 
The farmer is a full-wave 
rectifier with filters. 

BILL OF MATERIALS 
I-Piece I /32" aluminum 8'}8" x 2-15/ 16" 

I-Piece II 16" phenolic stock I'%" x IV.." 

2-Pieces '%" pine or plywood 9\,2" x 2~" 


2- Pieces '%"pin~ or plywood 3-1/16" x 2\,2" 

I-Piece W' plywood 8-7/16" x 3" 

I-Piece \1!" rupber matting 8-7/16" x 3" 

I-Piece black vinyl 28" x 5" 

10- No. 4 x ~"sheet metal screws 

! -~" grommet 

Misc.-Contact cement, etc. 
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Fig. 7. Guides for Combiner/Power Pack board. 

"shelf" on which to mount the top and 
bottom plates. This will enable the plates 
to be flush with the top and bottom of the 
walls. Round all top and bottom edges of 
the walls with sandpaper. 

Form a top plate from an 8:Ys" x 
2-15/16" . (21 .3- x 7.5-cm) piece of 
1 /32" (0.8-mm) aluminum stock. Holes 
should be drilled for the mixer input and 
output and power output jacks, for the 
line cord, power switch and pilot light. 
The power output jacks, as well as the 
EXTERNAL POWER jacks on the Cabonga 
components, must be isolated from the 
aluminum top plates. This is because 
the "ground" portions of the jacks are at 
-9 volts . Isolation can be ensured by 
drilling the holes for the jacks with 7 /16" 
(1 .1-cm) bits. The jacks should be 
mounted on a 1¥1'' x 1W' (4.4- x 3.2
cm) piece of 1 /16" (1 .6-mm) phenolic. 

An 8-7/16" x 3" (21 .4- x 7.6-cm) 
piece of W' (6.4-mm) plywood forms the 
bottom plate. If you wish , you can fash
ion a sheet of ribbed rubber runner to 
the outer surface of the bottom plate 
with contact cement. The runner will pro
vide an antiskid surface for the Combin
er /Power Pack. The case can be cov
ered with a 28" x 5" (71.1- x 12.7-cm) 
piece of black vinyl. Secure the vinyl to 
the case with contact cement by wrap
ping it around the perimeter. At each 
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corner, slit the vinyl and trim it as neces
sary. Carefully fold the vinyl over the top 
and bottom edges and into the rabbets. 

Wire the jacks, switch, etc., according 
to the schematic diagram. When all con
nections have been made, secure T1 
and the pc board to the bottom plate, 
and the top and bottom plates to the 
case. Make one patch cord from a con
venient length of shielded audio cable, 
terminating its ends with miniature 
phone plugs and prepare one patch cord 
terminated with standard phone plugs 
for each Cabonga. Also make one ter
minated with miniature phone plugs and 
one terminated with subminiature phone 
plugs for each Auto Trigger or Snare. 

To test the Combiner/Power Pack, 
plug one power patch cord (terminated 
with miniature phone plugs) into a power 
output jack. Then connect the line cord 

NORMALFig. 8. Modifier is 
simple potentiometer J 2 

OUTPUT 
circuit shown here. 

MODIFIER 
PARTS LIST 

JI , 12-Slandard phone jacks 
R 1- 100-ohm , linear-taper polentiometer 
Note--See photo p. 80 for ki t price . 

to a wall socket and close S 1. Indicator 
11 should glow. Attach the negative 
probe of a voltmeter to the barrel of the 
miniature phone plug, and the positive 
probe to the plug tip. The meter should 
read 17 to 20 volts de. If you read only 
half of this voltage or zero volts , turn off 
the Combiner/Power Pack and disas
semble the enclosure . Check your wir
ing for shorts. When the reading is cor
rect , attach the negative probe to the 
aluminum top plate and the positive 
probe to the plug tip . A reading of 8.5 to 
10 volts de should be obtained. 

Turn off the power by opening St . 
Then remove the patch cord from the 
power plug. As the plug barrel comes 
out of the jack, it momentarily touches 
both terminals of the jack and shorts 
them together. The Combiner/Power 
Pack's supply can take a direct short for 
a second or two without damage to its 
components. As a rule, however, you 
should turn off the power before making 
any power patch cord changes. 

Connect a Cabonga to the power sup
ply and mixer circuits to verify that both 
are functioning correctly. Successively 
try each power and mixer input jack to 
be sure they are correctly wired. 

The Modifier. Most often, the damped 
sinusoidal output of the Cabonga is the 
signal you will use. But there will be 
times when a certain amount of clipping 
is needed. For example, the peaks of 
the Cabonga output should be clipped 
somewhat to get a "crisp" sound like 
that of a good bongo. This also pro
duces a better sounding tom-tom. 

The schematic diagram of the Modifi
er is shown in Fig. 8. The circuit is simply 
a 100-ohm potentiometer. It presents a 
variable load of from 0 to 100 ohms to 
the output stage of the Cabonga. As the 
load resistance decreases below the 
value required for "crispness," various 
sound effects can be obtained. Although 
the load resistance as seen by the Ca
bonga varies, the Combiner/Power 
Pack input sees a constant 1 00-ohm 
signal voltage source. 

The Modifier, as well as the Auto Trig-

BILL OF MATERIALS 
Same as for Auto Trigger , less phenolic stock 

and one 3Ji" diameler knob . 
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R2 
22K 

R5 
IOK 

LEVEL 

R3 
SOOK 

TEMPO 

RI 
IOK 

R4 
IK 

J3 -
EXTERNAL 
TRIGGER 
OUTPUT 

v+ 

L/Lf :'~'W"

2 

AUTO TRIGGER 

PARTS LIST 


C 1-1-µF , 16-volt electrolyt ic capac itor 
IC I-5558 dual operational amplifier 
JI , J2-Miniature phone jack 
13- Subminiature phone jack 
R1-10,oob-ohm, i4-watt , 10% carbon com

position res istor 
R2-22,000 ohm, i4-watt , 10% carbon com

position resistor 
R3-500,000-ohm , audio-taper potentiometer 
R4-IOOO-ohm , 1,4-watt, 10% carbon compo

sition resistor 

ger and Snare, should be housed in en
closures measuring about 5W' x 3Ys" x 
2" (13.4 x 7.9 x 5.1 cm). The enclo
sures should be constructed from the 
same materials as used for the Cabonga 
itself and the Combiner/Power Pack, ra
betted , and finished with black vinyl and 
rubber matting. Top plates can be made 
from 4" x 2" (10.2- x 5.1-cm) pieces of 
1/32" (0.8-mm) aluminum stock. Two 
standard phone jacks and the 100-ohm 
potentiometer are mounted on the Modi
fier top plate. Wire them as per Fig. 8. 

To test the Modifier, patch the output 
of the Cabonga to input jack J1, and the 
output of the Modifier (J2) to the mixer 
input of the Combiner/Power Pack. 
Place R1 in its NORMAL position. Play 
the Cabonga and slowly rotate R1 to
ward its FULL position. You will notice 
that the sound becomes "crisp." As the 
control is rotated further, the sound will 
become more and more distorted and 
lower in volume. At the extremity of wip
er travel, the output will be a steady os
cillation if your potentiometer's minimum 
resistance closely approaches zero 
ohm. (This will not damage the Cabonga 
output state.) 

The Auto Trigger. Before we discuss 
the Auto Trigger, let's review how the 
Cabonga has been triggered until now. 
When the head is struck, switch S 1 
closes and applies a pulse to the active 
filter, resulting in a damped sinusoidal 
output. The amplitude of the trigger 
pulse determines the amplitude of the 
output signal. Jack J1 (EXTERNAL TRIG
GER} is connected in parallel with S 1 so 

v-
I CI ' 5558 

F i g. 9. The A uto Trigger 
produces variable-leve l, 
variable-frequ ency 
squ are waves. 

R5-10,000-ohm, linear-taper potentiometer 
Misc.-Printed circu it board , hookup wire, 

etc. See photo p. 80 for kit prices. 

BILL OF MATERIALS 
I- Piece l /32" aluminum 4" x 2" 
2-Pieces 3A" pine or plywood 5-1 / l6" x 2" 
2-Pieces 3A" pine or plywood 2- 1 /1 6" x 2" 
I- Piece Ys" rubber matting 4-3A" x 2-·"l4" 
I-Piece l/ 16" phenolic stock I Y.!" x Yi" 
I- Piece black vinyl 16Y.!" x 3Y2" 
4-No. 4 x !I.!" sheet metal screws 
2-3A" diameter knobs 

that an external pulse source can cause 
the generation of a percussive output. 

The Auto Trigger is such a pulse 
source. It produces a variable level (0 to 
9 volts), variable-frequency (0.5-to
400-Hz) square waves. Its circuit, shown 
schematically in Fig. 9, is not complicat
ed. Only seven components are used. 
Operational amplifier IC1 A, one half of a 
5558 dual op amp IC, is used as a com
parator. The other half, /Ct B, is used as 
an integrator. When the comparator out
put changes states, a pulse is generat
ed. This pulse is integrated by /C1B into 
a ramp whose slope depends on the 
amount of signal current supplied to the 
integrator, and thus on the values of R3 
and R4. When the output of the integra
tor reaches one-half of the supply 
voltage, the comparator changes states 
again. The process then repeats itself. 

Resistors R3 and R4, and capacitor 
C1 determine the frequency of oscilla
tion. It can be varied over a wide range 
by adjusting TEMPO control R3. The up
per limit of oscillation is governed by R4. 
Square waves appear at the output of 
IC1A and are coupled to J3 by LEVEL 
control RS. Power is derived from the 
Combiner/Power Pack and coupled to 
J1 or J2. An extra power jack is provided 
for patching to other accessories. 

Etching and drilling and parts place
ment guides for a suitable schematic are 
shown in Fig. 10. Be sure to observe the 
polarity of Ct and the pin basing of /C1 
when mounting them on the board. Con
struct an enclosure and top plate to the 
dimensions and style previously de
scribed. Note that jacks J1 and J2 must 

be isolated from the aluminum top plate, 
which is at ground potential. 

Connect a power patch cord between 
the Combiner/Power Pack and J1 or J2 
of the Auto Trigger. Then connect a 
patch cord terminated with subminiature 
phone piugs between the Cabonga's EX
TERNAL TRIGGER jack (J1) and the Auto 
Trigger output (J3). Turn the Auto Trig
ger's TEMPO and LEVEL controls fully 
·clockwise. Then close the Combiner/ 
Power Pack's power switch and monitor 
the mixer output. You will hear an output 
signal about once every two seconds. 
As the TEMPO control is rotated, the trig
ger rate will increase. Rotating the LEV
EL control will vary the output signal 's 
volume from minimun to maximum. 

The Snare Drum Adapter. The 
snare sound is the most difficult to syn
thesize because a snare drum produces 
three different sounds simultaneously. 
As the drumstick strikes the top head, 
the sharp sound of the strike is heard. At 
the same time the sound of the drum it
self (actually a medium-size tom-tom) is 
produced. The bottom head also vi
brates and causes the snare wires 
touching it to move. 

We can synthesize this complex 
sound by combining three different com
ponents: a high-level, short-duration 
pulse; an exponentially damped sine 
wave; and filtered noise. The damped si
nusoid is already available at the Ca
bonga output. We can therefore use the 
Cabonga to trigger an accessory that 

F i g. 10. Guides fo r 

A uto Trigger boar d. 


will produce the other two components 
and mix them all together to produce a 
synthesized snare. 

That is exactly what the Snare Drum 
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+v 
QI R5 

2 N2712 IM 
EXTERNAL ~J4~POWER 

J5 

I 
v+ v-

JI 
EXTE RNAL 

TRIG GER 

RI 
47011. 

R2 
IOK 

OE CAY 

F ig. 11. S n are Drum A da pter first produces 
signal that appr oximates white noise. 

SNARE DRUM ADAPTER Q 1-2N27 I 2 npn si licon lransislor 
PARTS LIST Q2- 2N5 I 29 npn si licon trans islor 

C I- 33-µ F. 16-voll elec1rolytic capac ilor The fo llowing fi xed res islors are !4-watl , 10% 
C2. C3--0.0 1-µ F di sc ceramic capac itor carbon composition componenls. 
DI - IN9 14 or I N4 148 silicon diode R 1--470 ohms 
IC l-µ A 741 CV operalional amplifier R4--330.000 ohms 
11 -Si.Ibminialure phone jack RS- I megohm 
12, 13-Slandard phone jack R6 , R7- I0 ,000 ohms 
14, 15- Minialure phone jack RS--470,000 ohms 

NC 

R6 
IOK 

I~~ 
LEVEL 

RS 
470K 

~__,,,...,.,._..._..__ . 

I CI ~ ~A 741C V Rll~ I 
IKtb 

J3 
CA BON GA 

RI O, RI 1-IOOOohms OUTPUT 

R2, R9- IO,OOO-ohm , linear-taper potentiom
eter 

R3-1-megohm trimmer potentiometer 
Misc .-Hookup wire, printed circuil board , 

elc. See photo p . 80 fo r kit prices. 

BILL OF MATERIALS 
Same as for lhe Auto Trigger 

Adapter does. It is shown schematically R4. The voltage envelope causes 02 to 
in Fig. 11. Noise generator Ot produces conduct and pass the noise signal. 
a continuous signal that approximates Transistor 0 2' s output is filtered and 
white noise. Capacitor C2 couples this capacitively coupled by C3 to a high
noise to the base of 02. gain amplifier. At the input to op amp 

When a voltage spike is applied to the JC t , the signal comprises a high-level 
Snare's EXTERNAL TRIGGER jack (Jt), it spike and a very low-level noise compo
charges Ct . Such a spike is available nent. Amplifying the signal by a factor of 
when the Cabonga's trigger switch 47 (determined by the ratio R8/R7) pro
closes as the head is struck. Depending duces a useful effect. The initial spike , 
on the values of Rt and R2, the voltage whose amplitude is al ready approaching 
across R3 decays exponentially with a the positive supply voltage, is relatively 
time constant equal to the product of Ct unaltered while the noise component is 
and (Rt + R2) . A portion of this voltage amplified and equalized in level with the 
envelope (determined by the setting of spike . 
R3) is also applied to the base of 02 via However, the high gain has an unde-

GND v+ R2 JI 

l rl l le--R5 ----e r 
----R7---e R6 ~Rl-9 

E C B 

l ·1 Fig. 12. Use the 
.___ RS_. Cl3 l i ;-eye Cl etching and 

C2 01 dri lling guide 
._01----e l below and component ~
 ..,__ R4 ..... 
G -+1- l e- E082 (j j placement at lef t 

to make Snare Drum 
Adapter board. 

R9 

sirable side effect-it greatly accentu
ates the internal noise of the inexpen
sive op amp. To eliminate this noise, Dt 
is placed in series with the op amp out
put The diode will not pass signals be
low 0.7 volt, so the unwanted noise, 
which would sound like a low-level hiss, 
is eliminated but the desired signal is 
allowed to pass. In the process, we get a 
bonus-the noise is made to sound 
more realistic by clipping off its bottom 
half. Resistors RtO and Rt t combine 
the Cabonga and Snare waveforms into 
a single output, available at output jack 
J2. Potentiometer R9 serves as a LEVEL 

control for the snare signal. 
Etching and drilling and component 

placement guides are shown in Fig. 12. 
Mount the components on the board, 
observing polarities and pin basing of 
the semiconductors and electrolytic ca
pacitors. Construct an enclosure and top 
plate to the dimensions and style previ
ously described . Note that jacks J4 and 
JS must be isolated from the aluminum 
top plate, which is at ground potential. 
Trimmer potentiometer R3 is installed 
on the pc board. The other potentiome
ters are mounted on the top plate. 

Patch external power to J4 or JS, and 
run patch cords from the Cabonga out
put and external trigger jacks to J3 and 
Jt , respectively. Interconnect the Snare 

__.l_ 
V+~ -TO SNARE EXTER NAL 

10011.. TRI GG ER INPUT 

F ig. 13. S imple circuit to tri gger Snare. 
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output (J2) to the Combiner/Power 
Pack's mixer input. Place the thumb
wheel of R3 at the midpoint of its rota
tion. While striking the Cabonga drum 
head, adjust the setting of R3 in either 
direction until you obtain the most pleas
ing sound. As you strike the head, you 
will hear the sound of the strike, the tom
tom and the noise simult<!neously. The 
relative loudness of the strike sound as 
compared to the noise is governed by 
R3, so you might have to make a com
promise adjustment of the trimmer po
tentiometer. Adjust the output level to 
obtain a balanced snare sound. 

Use the circuit shown in the Fig. 13 to 
trigger the Snare. It will result in a fair 
approximation of a cymbal. Then trigger 
the Snare with the Auto Trigger. For a 
different effect, prepare a patch cord 
from a single piece of stranded hookup 
wire. Solder the hookup wire to the tips 
of two subminiature phone plugs. Con
nect the patch cord to the Auto Trigger 
output and the Snare EXTERNAL TRIG

GER input. Turn both Snare controls to 
maximum. By adjusting the Auto Trigger 
TEMPO and LEVEL controls, you can cre
ate such effects as the sound produced 
by a biplane. 

Using the Cabonga System. The 
Cabonga and its accessories form an 
expandable synthesizer system. As with 
any electronic musical instrument, the 
best way to realize its full potential is to 
experiment. Here are some hints. It is al
ways best to turn off the power before 
making any patch cord changes. As pre
viously mentioned, this prevents inad
vertent damage to the power supply di
odes. It's the only restriction on use of 
the system that should be observed. Let 
your imagination dictate system configu
rations and patches. 

Cabonga ac~esso;ies are shown ~ere 
and below. Following are available 
from JAL Assoc., Box 107, Eaton
town, NJ 07724: Combiner/P-P pc 
board at $3.50, complete kit, $27; 
Snare pc b9a~d,$3.50, com plete kit, 
$16.95; Auto Trig. pc board, $1.50, 
complete kit, $12.95; Modifier com
plete kit, $7.50. All postpaid. NJ res
idents add 5% sales tax. 

A three-head system is shown in Fig. 
14. (You may prefer a fivehead system.) 
Cabonga 1 is set up as a snare, Cabon
ga 2 as a tom-tom and Cabonga 3 as an 
automated bass drqm, resulting in an 
electronic drum set. Set the Modifier 
control to give a crisp tomcto111 sound. 

The Controller and Power Pak 
is necessary to connect 

all the other units together. 

As mentioned in Part I of this article, the 
Cabongas can be interconnected via 
their EXTERNAL TRIGGER jacks. Tune two 
Cabongas an octave apart and intercon
nect them. You will note that the sound 
produced is much fuller than that from 
just one. Another possibility using four 
Cabongas is as follows. Tune two (A 
and B) as a Conga set and two (C and 
D) as a pair of Bongos. Interconnect A to 

C and B to D. When you play either the 
Congas or Bongos, you'll hear both 
pairs simultaneously. 

The Auto Trigger can be used in many 
different ways. Adjust its output frequen
cy for about 2 Hz and use it to trigger the 
Cabonga. Briskly rotating the Cabonga 
PITCH control back and forth will produce 
an effect reminiscent of the "musical 
percolator" that appeared in television 
coffee commercials. 

By increasing the tempo and rotating 
the PITCH cqntrol from minimum to max
imum, you'll hear a sound effect com
mon to science fiction movies. If the 
tempo is set just right, you will hear an 
"echo" as the bubbling sound increases 
in pitch. Stepping up the tempo even 
more causes the sound to become a 
continuous oscillation. The Cabonga 
then acts like a variable bandpass filter 
(waa waa), and the PITCH control func
tions as the bandpass frequency selec
tor. You can also trigger the Snare with 
the Auto Trigger to create such sounds 
as that from a locomotive.breathing, and 
others which are difficult to describe! 

CABONGA <; 

CONTROLL ER 

POWER PAK 

t () \! IN/ OlJTPU TS 

' 
[ :. l[R.'IAI f'O WVI 

' 

On the more practical side, you can 
use a number of Cabongas and Modifi
ers to make a fairly realistic steel drum 
set. The Modifier, as previously men
tioned, is most useful when synthesizing 
a Bongo or tom-tom. 

Those are some ideas to get you 
started. As you experiment more and 
more, you will probably create sounds 
that no one else has even thought of! O 

CONTROLLER/ 
POWER PACK 

PWR SUPPLY 
OUTPUTS 

MI XERO 0 0 
OUTPUT 

--~~~~~~~ O·--r~~---

SNARE 
OUTPUT 

OUTPUT 

CABONGA#I 
PWR 

CABONGA#2 

0 

AUTO 
TRIGGER 

CABONGA#3 PWR 

Fig. 14. This interconnection diagram shows how 
to set up a three-headed Cabonga system. 
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HOW TO CUSTOM DESIGN 


PLASTIC CASES FDR PROJECTS 

BY JOHN HUFF 

An auto-clock case is used to describe cutting, bending, joining, etc. 

YOUR electronic projects deserve to have the same basic physical proper thickened type of cement (airplane 
be housed in attractive and reason ties. However, some types of acrylic are dope) that takes an hour or more to set. 

ably priced "custom designed" cases. easier to work with than are others. Most Needless to say, cast acrylic, such as 
As a modern hobbyist, you don't have to acrylic pieces made by the cast method Plexiglas G, is your best first choice. Ask 
make do with utility boxes that do not can be cemented together with a solvent for Plexiglas G (or similar cast-type 
complement your projects. Instead, you that actually dissolves the mating sur~ acrylic) at your local hardware or hobby/ 
can design your own inexpensive and faces and forms a monolithic weld joint craft store. 
attractive plastic cases, thanks to the in minutes. More difficult to work with are Acrylic sheets come with a special 
ready availability of acrylic plastic sheets the acrylics made by a continuous con protective paper on both surfaces to pre
and tubes. veyor-belt process, which require a vent scratches. This paper makes an ex-

Acrylic plastic is easier to work with 
than wood-and with the same tools 
used in woodworking. It can be cut, filed, 
sanded, glued, and even bent to perma
nently conform to a desired shape. 
Available under such brand names as 
Plexiglas, Lucite, and Safe-I Vue, it 
comes in crystal clear, color-tinted trans
parent, translucent, and opaque sheets 
in 1/16", Ys", and \4'' (1 .6, 3.2, and 6.4 

1-2-5/16"-I 

I 

SWITCH , I 
I HOLES /11s"D1A 

I 1/ 4.. I I 
I I 

II 
I -f AIR-¥ 1/ 8" DIA_...+ HOLES 
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This article describes how to work 
I 

I'"' 
w 

I 

I 

with acrylic plastic to custom design and 
fabricate cases for your electronic pro I I I 

I I Ijects. To illustrate the step-by-step pro I Il
cudure to use, we also include a digital l-1"=1 
Kar Klok project to assemble .(see bOx). f------------ 7-1/16"-----------l-i 


The Kar Klok is built around National Se

miconductor's new MA1003 clock mod
 Fig. 1. Fabrication 
ule, a printed circuit assembly contain details for 
ing a four-digit 0.3" (7.6-mm) high the Kar 
fluorescent display, time base, clock ENDKlok case. PLATE12)chip, and all necessary driving circuitry. 

Working With Acrylic. Just. about 
any brand of acrylic plastic can be used 
by the electronics hobbyist because all ALL PIECES-1/16" ACRYLIC PLASTIC 
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cellent surface for marking cutting lines 
and the centers of holes to be drilled. 

The plastic can be cut with a saw or a 
special scribing tool. You can use a jig
saw, hacksaw, coping saw, or saber 
saw for cutting. However, scribing is 
easier if all you have to do is cut straight 
lines. Curved lines and circles still re
quire cutting with a saw. 

The fabrication details for the Kar Klok 
(see box) case are shown in Fig. 1. Mark 
all necessary lines and hole centers on 
the protective paper on the acrylic sheet. 

The scribing tool, wtiich sells for about 
$2.00 wherever the plastic is sold, looks 
like a miniature harpoon. In use, the 
sharp point of the tool is guided along 
the cut line with moderate downward 
pressure, using a straight edge, as 
shown in Fig. 2. Once the line is scribed, 
the plastic is placed over the edge of a 
table, scribed line up and in direct align
ment with the edge of the table, and 
struck sharply on the side overhanging 
the table. The snapping action yields a 
very straight, clean edge. The snapped 
edges must then be lightly smoothed 
with fine sandpaper before being ce
mented. Edges that are not to be ce
mented can be buffed to a crystal sheen 
with a drill-mounted muslin wheel and a 
special buffing compound (about $3.00 
for wheel and compound) or with fine 
steel wool and soap and water. 

Cutting holes is done with ordinary 
drill bits, as shown in Fig. 3. It is impor
tant to note thatduring the drilling oper~

tion, the sheet of plastic must be firmly 
held or clamped to a piece of wood to 
prevent it from riding up the bit and 
cracking. Square and rectangular slots 
can be made by drilling a small hole and 
cutting with a coping saw. 

Since the Kar Klok case pictured in 
the lead photo and dimensioned in Fig. 1 
is triangular in shape, it is necessary to 
bend the ;!Crylic plastic sheet to conform 
to this shape. The trick to making accu
rate bends is to use a bending jig and 
heat only those portions of the plastic 
that are to be bent. Do not heat the en: 
tire surface of the plastic. 

Acrylic plastic bends at about 300° F 
(about 150° C). It bends best if the pro
tective paper is peeled off before the 
heat is applied. You can heat the plastic 
along the bend line in several ways, the 
easiest of which is to use the specially 
made strip heater element that sells for 
about $8.00 from the same dealers who 
handle the plastic. This heater element 
requires a simple wood strip that keeps 
it about W ' (6.4 mm) away from the plas
tic. Detailed instructions come with the 
element. 

Flg.2 

Flg.3 

Fig. 2. The acrylic scribing tool, obtainable wherever the plastic 
Is sold, looks llke a small harpoon and Is used to scribe~ 
line, following a straight edge, where the plastic Is to be broken. 
Rg. 3 Acrylic Is easily drilled by holding the plastic firmly 
to a wooden base. Here, holes are being drilled for pushbutton switches. 
Square and recta"9ular slots can tie made by drilling a hole and 
cutting with a coping saw. 
Fig: 4·.Acrylic;: ~nds at about 300° F. Here strips of wood faced with 
cloth fQr prot~lon, are placed on both sides of bend mark 
and heat Is applied by a 1000-watt hair dryer. 

Rg. 5. Heat for bending can also be obtained from a 500-watt photoflood bulb. 

f!g. 6. Once the plastic has been heated, It can be bent using · 

a jig as shown here. Note that the actual crosseCtion of the case 

has been drawn on the bottom of the jig. Jig corners are 4-lnch nails. 

Rg. 7. Acryllc so·lvent cement Is easily applied and dries In min~. 

Here one end of the clock case Is being glue~ to the main frame. 

Rg. 8. If preferred, an acrylic cylinder can ·be used for: the body 

of the clc>ck with square end pieces as shown here. 
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Fig.5 

Fig.6 

Fig. 7 

Fig.8 

Another bending technique is to place 
the plastic sheet on a flat surface, place 
a W ' thick strip of wood on both sides of 
the bend line (face the strips with soft 
cloth or cotton to prevent them from 
scratching the plastic), and use a blow
type hair dryer to heat along the line. De
tails are shown in Fig. 4. The hair dryer 
must be rated at a minimum of 1000 
watts. How well it heats the plastic de
pends on the chemistry of the particuiar 
sheet of acrylic you use. Do not hold the 
dryer too close to the plastic or the air 
flow will be restricted and the heat fuse 
will blow. 

Still another approach that works for 
heating the plastic js to use a 500-watt 
photoflood lamp. Again, use wood strips 
to frame the bend line. Hold the plastic 
about 1 O" (25.4 cm) away from the lamp 
as shown in Fig. 5. 

Once the plastic has been heated, it 
can be bent to shape using a bending jig 
as shown in Fig. 6. Note here that, to get 
the angles correct during bending, the 
actual-size crossection of the body of 
the clock case is drawn on the base of 
the jig. A 4" (10.2-cm) long nail is then 
driven into the indicated corners of the 
drawing and the plastic is aligned with 
the drawing and gently bent around the 
nails. When the bending operation is 
complete, there will be a small open slot 
where the ends of the plastic sheet do 
not quite meet. This slot is used for run
ning the wires between the vehicle's 
electrical system and the clock module, 
without drilling holes. 

Next, cut the triangular end pieces for 
the case from the same plastic sheet 
from which the case body was cut, using 
Fig. 1 as a guide. After sanding the 
edges smooth and buffing them, cement 
one side piece to the ·case body as 
shown in Fig. 7. Slip the clock module 
into the case. Then fasten down the 
pushbutton switches in their appropriate 
holes and route the electrical-system 
hookup wires through the slot in the 
body of the case. Cement the other side 
piece to the case. 

Decide where in your vehicle you 
want to mount the Kar Klok and cement 
Velcro strips to the bottom edges of the 
case end pieces with the solvent cement 
and to the dashboard with a silicone 
adhesive. Finally, route the wires com
ing from the cloi:k module into your vehi
cle's electrical system (see box for hook
up details). The use of Velcro strips to 
mount the clock allows you to remove 
the clock and put it out of sight to reduce 
the possibility of theft. 

A Simpler Case. Perhaps you do not 
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CLOCK MODULE 


IGNITION 
SWITCH 

WIRING 

DISPLAY 
TIME 

• - . -FOR CLOCK _L (IGNITION Of:F) 

EXISTING 
---VEHICLE S3 

WIR ING 

TO STARTER I I 
MOTOR AND - - - .J 

COIL OF CAR I 

HEAoI?G~~~- - - - _.,!_ _ - - ....: 1 

. As shQwr:i in the schematic diagram, the 
kaV Kfok is a. very simple project to put 

·~ogether. ft is built around National Semi-
•.. cenductor's new MA1003 clock module 
' that requires the addition of only 'three mo-

. 
+--~. 

H~~N8~1 · 

RHEqsi:AT $ 

I . 

.. I 
I 
I ·· 

12V "CAR:!:1.. • • 
B"ATTERY T ' DAS l'L~g~~g 

I 

ABOUT THE CLOCK 

. . 
· L--..,....;..-::-::- ·· 

turned on, the brightne~. of the c:!isplay is 
reduced by two thirds, which reduces.glare 
under 11ighttime driving conditions. Addi
tionally, if your car is equipped with a dash
board-light levei control (rheostat), a final 

IT)f3ntar:y-action pushbutton switches and wire from the wiper lug of the control to pad 
five wires to be connected into the vehi 2 on the module allows you to control the 
·cfe's elEictricaf system. brightness of the display from full to about 

With the Kar Kfok wired as shown, the one-third brightness. No connections need 
display will ~ on continuously as long as be made from the vehicle's electrical sys
the vehicle in which it is installed is run tem to pads 2 and 4 on the module for the 
ning. The cloc~ remains powered even clock IQ operate. 
with the ignition turned off, but power is re The gree11 v~cuum fluorescent display 
moved from the display to conserve bat consists of four 0.3" (7.6-ml)'l) digits with a 
tery power. Hl)wever, even with the ignition colon between the minutes and hours. The 
off, the time can be displayed on demand green display allows the use of blue, 
simply by pressing switch SS. green, cir yellow filters. 

Switches 51 and 52 provide the means The clock module itself is protected 
for ·setting ·the hours and minutes for the against .automotive voltage transients and 
correct time. ilu.~se switches are activated reversals. It is designed io keep time with 
only when the ·ignition is on. With the igni supply potentials of nominally 12 volts 

· 

...tion turned off, the. time-setting· switches down to ·approximately 9 ·volts de. The 
· ate d'isabled. . clock draws S !TIA when operated with the.. 

Basicai!Y, only three connections need vehicle's ignition off). . 
~ m~d~ rrorr 1'1e .vepicle's electrical sys For wiring between lhe clock mpdule . 

: tern.to the clock module. Constant de pow and the vehiclfl'S 'eleC!fic8J ·system, it is 
<' er from the p0sitive batte!)' terminal, with best to use ~auge · stranqed .hookup. 
,, the ignition on·.and off., is made to pad 3 on Wire. You can use .22- gr 24-g~u9e'straoo
··'· Iha -module, while the negative side of the . eel hookup wfre IS~tWeen th~ switches and< 
•• b~ttefY; or:cha5sis~rou~d. goes to pad 6. . ~qdule. (A kit oi'parts: i~cludi~g the MA: '' 

The.ignitiqn~controlled display on(off con 100~ clock mcidule, three pust\button 
n~\ibn go~l! frt;>m the other side of th~ lg- · switches,' and triangular 'casecdescribed 
nition switch to pad 1. elsewhere· in this article. is ·available for 
· Optionally, you 'can add brightness con $26.95 from: 

er Fans, MN 56701. Please a5k for the Kar 
·pl0ase acid' . 

Digi-Key, ao~ 677-, Thief Riy~ 
trol to ' the 9isplay by cor:mecting .a iead 

· fr'om the headlight switch to pad 4 on the Klok kit. Minnes0ta resid~rits. . 
module.· ~: when the headlights are state sales tax.) ,. 

wish to go to the bother of bending a 
sheet of acrylic plastic to make a case 
for your Kar Klok. In this event, you can 
substitute an acrylic cylinder for the 
body of the clock and use square end 
pieces (see Fig. 8). Select tubing with a 
PA" (44.5-mm) inner diameter and Ys" 
(3.2-mm) wall thickness and cut it to 
31/s" (8 cm) in length . The end pieces 
should form squares that measure 211.i'' 
(57.2 mm) on each side from Vs" or \4" 
thick acrylic plastic sheet. 

Acrylic tubing for craft work is usually 
crystal clear. However, if you prefer a 
transparent color tint, solvent-based 
dyes that simply brush onto the plastic 
are available. You can use the crystal 
clear tubing as is with crystal clear or 
color tinted end pieces to better show off 
the Kar Klok's "innards." 

To locate the holes for the three push
button switches, slip the module into the 
acrylic tube and note and mark where 
the holes should be drilled. When you 
drill the holes for the switches, drill a 
fourth hole of the same diameter for the 
wires that connect to the vehicle's elec
trical system to exit the case. Then drill a 
line of l/s" holes at the top and bottom of 
the case, spacing them about Yi!" (9.5 
cm) apart to allow air to cool the clock 
module when it is installed in the case. 

Cement one end piece to the cylindri
cal body. Slip the clock assembly i~to 
the case, fasten down the switches in 
their appropriate locations, and route the 
electrical-system hookup wires through 
the hole drilled for them. Then cement 
the other end piece to the case. Finally, 
use Velcro strips to mount the Kar Klok 
to your dashboard and connect the 
wires to your car's electrical system as 
shown in the box. 

In Closing. The world of acrylic plastic 
provides the electronics hobbyist with a 
practical and inexpensive means for 
custom designing and fabricating cases 
for his projects. In this article, we have 
detailed the basic techniques for work
ing with acrylic plastics. With a little 
practice and by exercising some imagi
nation, you can be making custRm 
cases for all your projects in short order. 
For example, you might substitute wood 
for the end panels of your cases or use a 
wood base with a brushed aluminum 
pedestal on which to mount an acrylic
cased project. The combinations of 
materials and styles are almost limitless. 

The Kar Klok project presented here 
is a practical automotive accessory that 
is particularly suitable for exercising 
your imagination in designing custom 
plastic cases. O 
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IC AUDIO PREAMPLIFIERS 

SEMICONDUCTOR devices have been used in audio am
plifiers ever since the transistor first became a practical 

commercial product. In fact, to a large degree it was the con
tinuing search for improved and more efficient audio amplifi
ers and switches which led to the invention of the transistor by 
scientists of the Bell Telephone Laboratories in the late 
1940's. The first consumer application of transistors was as 
audio amplifiers in hearing aids, followed shortly thereafter by 
their use in the audio sections of AM radio receivers and as 
preamplifiers for vacuum tube operated audio systems. As 
time passed, the mass production of junction transistors for 
the hearing aid industry resulted in a surplus of units which 
didn't meet the critical requirements of hearing aid designs but 
which, nonetheless, were excellent amplifiers. These devices 
were made available to the retail market through local dis
tributors as moderately priced "experimenter's transistors," 
opening a whole new field for the experimenter and hobbyist. 

Originating back in the heydays of vacuum-tube amplifiers, 
the preamplifier often was an afterthought-that is, an extra 
retrofitted circuit used to boost relatively weak signals prior to 
processing by a conventional amplifier. Sometimes the 
preamp, as it came to be known, was incorporated as part of 
an external signal source, such as a condenser microphone 
or magnetic phono pickup. In other cases, the preamp was an 
add-on circuit mounted directly on the main amplifier chassis 
and using the same power source. In still other cases, it was a 
separate piece of self-contained equipment with an integral 
supply as well as input and output jacks. In those early days, 
the preamp generally was a single- or dual-stage circuit de
signed to furnish some frequency compensation as well as 
modest gain. It seldom was equipped with gain or tone con

Vc;c • •16V 

61100pF 

A 

By Lou Garner 

trols, however, for these were found in the main amplifier as
sembly. 

Today's preamp designs range from simple single-purpose 
configurations to complex circuits with nearly as many con
trols as an oscilloscope. Depending on equipment perfor
mance requirements , the preamp may be used only as a buff
er or isolation amplifier. More often, it serves to provide addi
tional gain and impedance matching as well as frequency 
compensation , equalization, and control. While early solid
state audio preamps usually employed from one to four dis
crete transistors, current designs commonly feature one or 
more integrated circuits. General-purpose operational amplifi
ers are perhaps the most widely used devices as preamps, 
with FET-input types increasingly popular among design engi
neers because of their high input impedance characteristics. 

Typical IC audio preamp designs are illustrated in Figs. 1 
through 4. Abstracted from manufacturers' data sheets, ap
plication notes and similar published literature, these circuits 
all feature standard devices and commercial components 
and , therefore, are suitable for a variety of experimenter and 
hobbyist projects . Generally, layout and lead dress are not 
overly critical as long as good wiring practice is observed. 
This permits the circuits to be assembled using standard con
struction techniques , including pc or pert boards, solderless 
wirewrap, or conventional point-to-point wiring. In general, 
too , de circuit power may be obtained either from batteries or 
well filtered and regulated ac line operated power supplies, at 
the builder's option . Since the required assembly and wiring 
time is but a few man-hours for most of the circuits, the de
signs are excellent for weekend projects. 

Selected from data sheets published by the Signetics Cor
poration (811 East Arques Ave ., Sunnyvale, CA 94086), the 
four simple audio preamp circuits shown in Fig. 1 are based 
on the NE542 dual low-noise preamp IC. However, the gener
al designs may be used with a variety of amplifier IC's having 
similar electrical characteristics, including the LM381, 
LM381A, and LM387, with few, if any, changes in component 
values. Of course, pin connections vary with different !C's and 
an adjustment in de supply voltages may be required for some 
types to achieve optimum performance. Of the four IC's in-

Dc Fig. 2. This 
511til 5Mil 5lltil

Baxandall tone : BOOST { ~~~EBALR: CU T : 

Fig. 1. Audio preamp circuits: (A) tape playback; control circu i t J~N_E_C~~-~'l_!'~J 

(B) RIAA phono; (C) NAB tape preamp; (D) mixer. uses a BIMOS unit. 
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1M 

Fig. 3. This audio distribution 
amplifier circu it fe atur es 
multiple isolated outputs an d 
can be used effectively in 
electronic musical instruments 
to achieve special effects. 

+VCC 

100K 100K 

10K 

100K 

dicated, types NE542 and LM387 are supplied in 8-pin Mini
DIP's, while types LM381 and LM381A are furnished in stan
dard 14-pin DIP's. All contain dual amplifiers, permitting a sin
gle device to be used for two-channel (stereo) systems. 

A typical magnetic tape playback preamp circuit is illustrat
ed in Fig. 1 A. Requiring relatively few components, the circuit 
will deliver 0.5 V rms output when driven with an 800-µ.V input 
signal (nominally, at 1 kHz) by the pickup coil. A modified 
preamp design providing RIAA equalization for use with 
standard magnetic phono cartridges is given in Fig. 1 B. In
tended primarily for broadcast equipment applications, a two
pole fast turn-on NAB tape preamp circuit is shown in Fig. 1 C. 
Finally, a multiple input audio mixer circuit with independent 
gain controls is illustrated in Fig. 1 D. All four preamp circuits 
are designed for operation on conventional single-ended de 
power supplies. 

Featuring a BIMOS device, the Baxandall tone-control cir
cuit shown in Fig. 2 is one of a number of suggested applica
tions described in a 20-page data brochure (File No. 957) 
published by RCA (Solid State Division, Box 3200, Somer
ville, NJ 08876) for the CA3140 op amp family. As described 
in April 's column, the CA3140 is a dual-technology unit which 
combines a high-impedance MOSFET input stage with a bi 
polar output amplifier in a single op amp. The CA3140 devices 
are furnished in standard 8-lead T0-5 type metal cases. Us
ing linear potentiometers, the Baxandall circuit, according to 
RCA, can furnish up to ± 15 dB bass and treble boost or cut at 
100 Hz and 10 kHz, respectively, while providing a full peak
to-peak output of up to 25 V to at least 20 kHz. The amplifier's 
output is only -3 dB down at 70 kHz from its 1-kHz reference 

Fig. 4. A n audio preamp 
complete with gain as 220K 

level. With the controls set for a flat frequency response, the 
circuit offers unity (0 dB) gain. As shown, the circuit is intend
ed for operation on a single-ended de power supply. It can be 
modified easily for operation on a dual ± 1 5-V de source, how
ever, simply by removing the offset bias network and returning 
pin 3 (+ input) to circuit ground while connecting pin 4, by
passed to ground with a 0.1-µ.F capacitor, to the negative sup
ply terminal rather than to ground ; all other circuit connections 
remain unchanged. 

In contrast to the multiple input mixer described earlier (Fig. 
1 D), the audio distribution amplifier circuit illustrated in Fig. 3 
features multiple isolated outputs. It can be used effectively in 
electronic musical instruments for special effects as well as in 
PA, music distribution, and intercom systems requiring multi
ple drives for several power amplifiers to achieve high output 
levels. It also can be used in light organ, audio control, and 
test instrument designs. Abstracted from 20-page Bulletin 
CB-248, published by Texas Instruments, Inc. (P. 0 . Box 
5012, Dallas, TX 75222), the distribution amplifier employs a 
type TL084 quad operational amplifier. A member of Tl 's Bl
FET family, the TL084 comprises four identical JFET input op 
amps in a single 14-pin DIP. The device can be operated on 
de supply voltages of up to ± 18 V, with each amplifier section 
offering an input impedance of 1 ()6 megohms, a unity gain 
bandwidth of 3 MHz, a slew rate of 12V I µ.s, internal compen
sation, and continuous integral output short-circuit protection. 
Individual amplifier. pin connections are not identified in the 
schematic diagram because the amplifier sections are inter
changeable and the final selection can be made best by the 
equipment designer to achieve optimum layout and lead 
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dress. In all cases, however, de power supply connections are 
to pins 4 ( + ) and 11 ( - ) . 

Another Tl BIFET circuit is given in Fig. 4-an audio 
preamp complete with gain as well as bass and treble tone 
controls. Intended for general purpose applications, the 
preamp can provide more than adequate drive for standard 
power amplifier designs. The circuit features the TL080, a sin
gle JFET input op amp which is offered in both 8-pin MiniDIP 
and T0-99-L style packages. Except for requiring external 
compensation (10-pF capacitors) , the TL080's electrical char
acteristics are essentially similar to those of the individual am
plifiers in the TL084, discussed earlier. The device's pin as
signments are the same as those of such standard op amps 
as the LM301 A, LM308, and µ,A748 . 

+sv 

RI 
4 .7 K 

X~~............_.. OUT PUT 


Fig. 5. Squ are-wave oscillator circu it 
can de liver sign als from 1 H z to 1 MHz 
as value of f eedback capacitor is varied. 

Right On! In last January's annual "predictions" column, you 
may recall , I predicted a further breakthrough in the pricing of 
digital electronic watches . . . that commercially available 
watches would be offered in the " ten-dollar range." Ah so! 
Texas Instruments, Inc., which originally broke the twenty-five 
dollar price barrier for digital watches, per an even earlier pre
diction, has done it again! In a recent press release, Tl an
nounced a reduction in the suggested retail list price of its 
model 503 sports/youth watches from $19.95 to a low $9.95! 

Reader's Circuits. If the bulging mail bag is any indication, 
many of our readers have been quite busy devising and test
ing new circuits. 

While on the subject of mail-a personal word to those of 
you who may have written and not received answers to your 
letters and postcards. The volume of mail generated by a 
magazine with a readership of 400,000 is simply too much for 
one guy to acknowledge personally. However, be assured 
that all letters are read and given full consideration. If you 
don't receive an answer to your inquiries promptly (or even at 
all) , it isn't due to a lack of interest. It's simply because we 
don't have time. But please, please keep us posted about 
your interests and keep sending those interesting circuits . 

We have a twenty-year old French-Canadian reader, Guy 
Isabel (1725, Henri-Bourassa East Blvd., Apt. 25, Montreal, 
Quebec, H2C IJ8, Canada), to thank for the simple and inex
pensive square-wave oscillator circuit illustrated in Fig. 5. It is 
capable of delivering signals at frequencies ranging from 1 Hz 
to 1 MHz as the feedback capacitor's value, C1 , is varied from 
300 µ,F to 300 pF. The circuit may be used as a "clock" in digi
tal applications, as a simple square-wave generator for test in
struments, or as a basic tone source for alarms and electronic 
musical instruments. 

The duty cycle is approximately 50% and is independent of 
the feedback capacitor's value. The three active devices mak
ing up the oscillator, IC1, IC2, and IC3, are three sections of a 
standard type 7405 TTL open-collector hex inverter. Pull-up 
resistor R1 is a half-watt unit, while capacitor C1 may be ace
ramic, plastic-film, paper or electrolytic type, depending on 
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S-100 BUS CONNECTORS 2 x 50 x .125" 
WIRE WRAP TERMINATIONS $3.75 
SOLDER TAIL TERMINATIONS 
4 S-100 CONNECTORS - ANY MIX 

YES !WE HAVE 

$3.75 
$14.00 

WIRE-WRAPPING 
TOOLS 

O nl y $34.95 
Ba tte ries not included. 
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CIRCLE NO. 60 ON FREE INFORMATION CARD 

ONLY Vector kits contain : 
•Positive photo-resist coated AND uncoated copper laminate-no 

messy photo-reversal-no spraying, dipping, or baking. 
•4 types of art aids : rub transfers, ink, tape , cut and peel-use 1 or all. 
e 1 : 1 circuit art rub transfers-IC sets, pads, lines, connectors, 

symbols, letters, and numbers. 
•Everything included-just add water and sunlamp a bri~t sunshine. 
• Liquid etchant and developer-no dry chemical mixing problems. 
AND 
•Process choices-make circuit on copper and etch for 1 card. 
Make circuit on film, expose, develop and etch for 1 or many cards. 

32XA-1 kit makes 7 PC cards, $28.00, 32X-1 starter kit makes 2 cards, $11 .50 

Vector Electronic Co ., 12460 Gladstone Av., Sylmar, CA 91342 
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The better the trainin 
the better you' 

IN-CIRCUIT TRANSISTOR TESTER 

COM PU-TRAINER 

ALL NEW 
NTS/Heath 
GR-2001 
DIGITAL 
SOLID-STATE 
COLOR TV 
315 sq. in. 
PICTURE 

ELECTRO-LAB 

As an NTS student you 'll acquire the know-how 
that comes with first-hand training on NTS profes
sional equipment Equipment you'll build and keep. 
Our courses include equipment like the NTS/Heath 
GR-2001 computerized color TV (25" diagonal) 
with varactor diode tuning and digital read-out 
channel selection ; (optional programming capa
bility and digital clock avail.) . 

Also pictured above are other units - 5" solid state 
oscilloscope, vector monitor scope, solid-state ster
eo AM-FM receiver with twin speakers, digital multi
meter, and more. It's the kind of better equipment 
that gets you better equipped for the electronics 
industry. 

This electronic gear is not only designed for train
ing ; it's field-type - like you 'll meet on the job, or 
when you ' re making service calls. And with NTS 
easy-to-read , profusely illustrated lessons you learn 
the theory behind these tools of the trade. 

Choose from 12 NTS courses covering a wide range 
of fields in electronics, each complete with equip
ment, lessons, and manuals to make your training 
more practical and interesting . 

Compare our training; compare our lower tuition. 
We employ no salesmen , pay no commissions . You 
receive all home-study information by mail only . 
All Kits , lessons, and experiments are described in 
full color. Most liberal refund policy and cancella-
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Fig. 6. This de low-voltage monitoring circuit 
uses a standard op amp IC as a voltage 
comparator and to drive the LED output indicator. 

value. With neither parts placement nor wiring arrangement 
critical, the circuit can be assembled in a small metal or plastic 
case with an integral de power source as a self-contained in
strument or incorporated as part of a more complex piece of 
equipment, at the individual builder's option. 

Ted Reiter (1442 Brook Drive, Titusville, FL 32780), a fre
quent contributor to these pages, suggests that his de low
voltage monitoring circuit might be of value to other experi
menters and hobbyists. Ted's circuit, Fig. 6, uses a standard 
op amp, /Ct, as a voltage comparator and output indicator 
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driver. In operation, a portion of the monitored voltage, deter
mined by R1's adjustment, is compared to a fixed voltage ob
tained from a zener reference network, R2-D1, by /C1. As 
long as the monitored voltage remains at or above its present 
monitor point (determined by R1's setting), the output indica
tor, LED1, remains dark. If the voltage drops below this level, 
however, the indicator is activated. 

The circuit can be set to operate within millivolts of a chosen 
setpoint level. Standard components are used in the design: 
/C1 is a type 741 op amp, R1 a conventional potentiometer, 
R2 and R3 one-quarter or one-half watt resistors, 01 a 3.3
volt zener, and LED1 a familiar red LED. A 12-volt de power 
supply is suitable for monitoring input voltages of up to 12 . 
volts, but a 15-volt power supply should be used for higher 
levels (up to 13.8 V). Since the circuit is essentially a de am
plifier, neither layout nor lead dress are critical. 

Seeking a simple combination clock and single-pulse sig
nal source for his digital experiments, Charles D. Baker 
(1141-18 Minto Ave., Kenora P9N 3K1, Ontario, Canada), de
vised the circuit in Fig. 7. Intended for operation on a standard 
TTL 5-volt de source, the instrument can be used as a con
ventional clock, a two-phase clock, or a manually operated 
single-pulse generator. 

The instrument's single active device is a standard TTL hex 
inverter, IC1 . Three of the inverter sections are coupled 
together as a ring oscillator, with feedback capacitor C1 deter
mining the frequency of operation (or clock rate). Shunt resis
tor R2 biases one inverter section into its active region to in
sure oscillation. Two of the sections are interconnected as a 
modified one-shot, delivering a negative-going output pulse, 
while the remaining section serves as a conventional inverter/ 
buffer to deliver positive-going pulses. 

The instrument's mode of operation is determined by func
tion switch S 1. When S 1 is in its PULSE position, output pulses 
are delivered each time pushbutton switch S2 is depressed, 
discharging C2 through R4, and delivering a step signal 
through series isolating resistor R 1. Between pulses, C2 is re
charged through RS. When St is in its CLOCK position, the ring 
oscillator drives the one-shot through R1, and a continuous 
series of positive- and negative-going pulses is developed at 
a rate determined by Ct's value. 

R~adily available components are used in the circuit. The 
hex inverter is a standard 7404. Capacitor Ct's value and 
type are determined by the clock rate needed; and C2 is a 

+5VO--
PINl4 
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C2 
100 
)Jf 
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6.SK 
PIN? 

OUTPUTS 

Jl 
Fig. 7. Simple circuit using standard TTL hex 
inverter can be used as a conventional clock, 
two-phase clock, or single-pulse generator. 
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100-µF, 6-volt electrolytic. Function switch St is a spdt toggle, 
slide, or lever switch, while S2 is a spst, momentary contact, 
NO pushbutton switch. 

At the builder's option, the instrument may be housed in a 
small metal box, a plastic case, or in a probe body. If assem
bled in a box or case where there is ample space, the builder 
may wish to include several different values for C1 , selectable 
by means of a multi-position rotary switch, to provide a choice 
of clock rates . Typical values may range from a fraction of 1 
µF to as high as several thousand µF. According to Charles, 
the ring oscillator can be operated at rates from 1 Hz to 1 
MHz, depending on Ct's value. 

Device/Product News. A new series of high-voltage, 
high-current, silicon npn transistors, types RCA9113, 
RCA9113A, and RCA9113B, has been announced by RCA's 
Solid State Division (Box 3200, Somerville, NJ 08876). De
signed for use in off-line switch-mode power supplies, invert
ers, converters, pulse-width-modulated regulators, and motor 
controls, the new transistors feature high-voltage capability, 
fast switching speeds, and low saturation voltages, together 
with high SOA ratings for both forward- and reverse-bias con
ditions. With a peak collector current rating of 22 A and a max
imum power dissipation of 175 W (at 25°C), the new transis
tors are supplied in standard T0-3 packages. 

Motorola Semiconductor Products, Inc. (Box 20912, Pho
enix, AZ 85036) has announced some new devices of potenti
al interest to hobbyists and experimenters, including an ex
tremely stable 2.5-V reference source and a monolithic auto
motive electronic ignition control IC. 

Designed for critical instrumentation and D-A converter 

applications, the new voltage-reference source, type 
MC1403/1503, features a maximum output voltage variation 
of only 1 % ( ::t:25 mV) and a typical temperature coefficient of 
10 ppm/°C. It also features a line regulation of 3 mV (max) at 
input voltages from 4.5 to 15 V or 4.5 mV (max) from 15 to 40 
V, together with a load regulation of 10 mV (max) at output 
currents from 1 to 11 mA. 

Intended for circuits utilizing a flux-averaging sensor in
stead of conventional ignition "points" and condensers, the ig
nition control IC, type MC3333, is designed to drive a Darling
ton power transistor which supplies the current required by a 
high-energy ignition coil. Housed in a 14-pin DIP, the 
MC-3333 can operate at qattery voltages from 4 to 24 volts. 

Fairchild 's Optoelectronics Division (4001 Miranda Ave., 
Palo Alto , CA 94303) has plunged into the hobbyist market 
with the introduction of a series of electronic construction kits. 
Designated as Solid State Technology Kits™, the new line in
cludes an alarm clock-calendar (Model 0100), a wall clock 
(Model 0101 ), and an automotive digital clock. All of the kits 
feature LED displays. Future products planned for the line in
clude additional clocks, a DVM and a frequency counter. 

Meanwhile, another Fairchild division (Components Group, 
464 Ellis Street, Mountain View, CA 94042) has announced a 
new 2-A monolithic voltage regulator designed primarily for 
use in power supplies for home-base CB radio equipment. 
The new device, type µA78CB, features a fixed output voltage 
of 13.8 volts, internal thermal overload protection, short-circuit 
limiting, a peak current capability of better than 4 A, and an 
output voltage tolerance of 5% over the 0° to 125°C tempera
ture range. Available in both T0-3 and T0-220 packages, the 
new regulator can dissipate up to 20 watts . 0 
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LASER DIODES 

IN OCTOBER the semiconductor laser 
diode will celebrate its fifteenth birth

day! Even in this era of complex inte
grated circuits , the laser diode remains 
one of the most remarkable electronic 
components yet invented. 

In some ways the laser diode closely 
resembles its first cousin , the light emit
ting diode (LED). For example , both di
odes produce infrared or visible light 
when electrons recombine with holes at 
a forward-biased pn junction. 

* 

SUPPLIED WIT# YOU.R LASER. 

The electrons are excited to a higher 
than normal energy level, enabling them 
to cross the potential barrier formed by 
the junction. When they fall into holes af
ter crossing the junction, they give up 
their excess energy in the form of radiat
ed heat and light. The better the diode 
is, the more light than heat it produces. 

This method of light generation, is 
called spontaneous emission, as it's 
pretty much a random process. Elec
trons and holes recombine whenever 
the opportunity presents itself, and the 
result is a chaotic jumble of light waves. 
Fortunately, the relatively constant ener
gy levels the electrons can occupy be
fore crossing the junction limits the ener
gy each electron can absorb. This re
stricts the radiated light to a reasonably 
narrow band of wavelengths ( 100-150 
nanometers) . Light is emitted at a much 
faster rate (within a few tens of nano
seconds) than that from most other 
sources. That"s why LED's and laser di
odes are ideal for detection , ranging, 

USlJ-4L POl../IR/TY. REFE~ TO /NFO~MAT/ON 

By Forrest M. Mims 

and communications applications. 
The laser diode is nothing more than a 

carefully made LED with an ultra-flat 
junction and two tiny mirrors . The mir
rors face one another and produce the 
internal feedback which leads to stimu
lated emission of radiation, the process 
responsible for laser action. Stimulated 
emission occurs naturally when a light 
photon emitted by an excited electron 
strikes a second excited electron and 
forces it to recombine with a hole. The 

Fig. 1. How a 
ty pical laser 
diode work s. 

result is two photons having almost 
identical frequency and traveling in per
fect phase with one another. As you can 
see, stimulated emission is a type of am
plification. Normally it occurs only rarely , 
but the two feedback mirrors of a laser 
cause stimulated photons to be reflected 
back and forth within the laser material 
and the result is a cascade of oscillating 
photons-or laser light. 

Most laser diodes are made by pro
ducing precise, sandwich-like junctions 
in wafers of gallium arsenide (GaAs) or 
other efficient light-producing semicon
ductors. The wafers are then cleaved 
into thin bars, which are sawed into in
dividual laser chips several mils on a 
side (about the size of the dot on this let
ter " i"). The cleaving process gives each 
chip two perfectly parallel facets which 
serve as the mirrors. Individual chips are 
usually installed in a protective package 
with a plastic (OK) or glass (much bet
ter) window and a miniature, built-in heat 
sink (Fig. 1 ). 

Driving Laser Diodes. Both LED's 
and laser diodes will produce recombi
nation radiation when driven at very low 
levels of forward current. Lasers, how
ever, will not lase until the forward cur
rent exceeds a level called the threshold 
(Jth). Above Jth· the optical power from 
the laser increases linearly with current. 
Many lasers will emit several watts or 
more when pulsed with 10- or 20
ampere pulses. 

You may have read about the new 
generation of laser diodes which can be 
operated continuously without having to 
be cooled to the temperature of liquid ni
trogen. Primarily designed for high
bandwidth communications through 
glass fibers, these lasers are a delight to 
use, but are temperature-sensitive and 
limited to several milliwatts of output 
power. They are not yet available at 
hobbyist prices. 

Single heterostructure (SH) lasers, 
the kind you can buy at bargain prices 
from some of the suppliers who adver
tise in POPULAR ELECTRONICS, have a 
Jth of 5-10 amperes. Apply this much 
current to a SH laser diode and the chip 
will literally explode! The only safe way 
to drive an SH laser without cooling it 
with liquid nitrogen is to use current 
pulses no more than 200 nanoseconds 
wide. 

The avalanche transistor circuit 
shown in Fig. 2 offers an excellent way 
to generate high-current pulses only 
50-75 nano-second~ wide. Different 
transistors avalanche at different volt
ages, so you'll have to select a specific 
transistor for your particular laser. Brief
ly, you should NOT connect a laser to 
the circuit until you have selected and 
verified the operation of Qt . Remem
ber-laser diodes don't like too much 
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Fig. 2. A valanche transistor circuit. 
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drive current! A good rule of thumb is to 
limit the maximum current to 2.5-3 times 
the threshold current. Both values are 
usually supplied with the laser. 

Select 01 by connecting a short cop
per wire in place of the laser and a fast 
oscilloscope (at least 15 MHz) across 
current monitor R4. This resistor must 
be carbon composition, NOT wire
wound. Use ten 10-ohm carbon resis
tors in parallel if you can't find a suitable 
1-ohm component. Keep a// leads in the 
current discharge path (01, C1, R4, and 
the LASER) as short as possible. The 
height of the pulses on the scope screen 
in volts will equal their peak current in 
amperes. Many, but not all, transistors 
will o.scillate in this circuit. You should 
have good results with most common 
npn silicon switching transistors such as 
2N914, 2N2222, 2N3643, 2N4400, 
2N5188, HEP50, etc. 

After the driver circuit is working and 
01 is selected and in the circuit, you can 
install the laser. Pay attention to its pola
rity! Don't expect a spectacular red 
beam. Although the beam is truly im
pressive to see, it's invisible. To verify its 
presence, you'll need a photodetector 
sensitive to the 900-nanometer infrared 
radiation. Silicon photodiodes driving 
fast amplifiers work best. Phototransis
tors and silicon solar cells are marginal 
detectors because they have very slow 
response times. Photoresistors simply 
will not work. 

To see the beam you 'll need an infra
red image converter such as a snooper
scope or silicon vidicon TV camera. The 
cheapest way to see the beam is to or
der a plastic, phosphor-coated infrared 
viewing card from Kodak Special Prod
ucts Sales, Rochester, NY 14650. The 
viewing card costs about $30-but that's 
a bargain compared to the cost of an im
age converter. 

With the help of an image converter or 
viewing card you can quickly squeeze 
the 20- x 40-degree beam from the laser 
into a pencil-thin beam as narrow as that 
emitted by the popular helium-neon las
er. All you need is a convex f1 lens. A 
good source for lenses and other optics 
is the Edmund Scientific Co., Edscorp 
Bldg., Barrington, NJ 08007. 

Safety Considerations. Fortunate
ly, the beam emitted by most laser di
odes is reasonably safe because of its 
low average power. Nevertheless, as 
with any bright light source, you should 
avoid viewing the beam directly. You 
should also avoid pointing the beam at 
other persons or toward reflective sur
faces. 0 
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By John McVeigh 

SE GMENT 

+v S~l~~~~s DIGIT I MULTIPLEXED LED DISPLAYS 

Q. In the So/Id State Column on p. 73 
of the August 1976 Issue, I saw the 
schematic for a stopwatch with a 6
dlglt display. Each segment's like 
digits (a through g) are connected In 
parallel, but none of the common 
cathodes of each display Is ground
ed. Can you explain how the circuit 
works?-Santlago M. Quijano U., Bo
gota, Columbia. 

A. This is an example of a multiplexed 
display (see diagram). When a particular 
SEGMENT ENABLE switch is closed, the 
anodes of all like segment diodes-say, 
segment a in digits 1 and 2 , represented 
as 1a and 2a-are connected through a 
current-limiting resistor to the positive 
supply. However, unless the DIGIT EN

ABLE switches are closed, the cathodes 
are left floating above ground and no 
current can flow through the diodes. 
Thus the LED segments remain dark. 

Now' if DIGIT ENABLE switch 1 is 
closed but switch 2 left open and SEG

MENT ENABLE switches a through f are 
closed, digit 1 will form a "O." Opening 
DIGIT ENABLE switch 1' closing switch 2 
and closing SEGMENT ENABLE switch g 
will cause digit 1 to go dark and cause 
digit 2 to form an "8." If this process is 
repeated very quickly, the two digits will 
appear to form "08" without any display 
flicker. 

This is the basic principle of operation 
in a multiplexed LED display. Gates and 
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counters take the place of the mechani
cal switches, with their outputs either 
sourcing or blocking (segment enable 
outputs) current or sinking or blocking 
(digit enable outputs) current. A high
speed clock provides the necessary 
time reference. A large-scale integration 
chip (LSI) such as the lntersil ICM7205 
contains all multiplex circuitry "on 
board." That's why the common cath
odes are not shown grounded in the 
stopwatch schematic. The major advan
tage of multiplexed over direct-drive 
LED displays is reduced current de
mand-an important consideration in 
battery-powered equipment. 

CAR CLOCK POWER SUPPLY 

Q. /plan to build a digital clock/timer 
using a clock chip and a crystal-con
trolled time base. Do you have a cir
cuit to reduce the car's 12-volt power 
source to +5-V de with adequate reg
ulation for the IC's?-Tom Ritch, 
Austin, TX. 

A. You can use an LM309K IC regulator 
to step the 12 volts down to 5 volts regu
lated, as shown in the figure. Be sure to 
adequately heat sink the IC. Capacitors 
are used on both sides of the regulator 
to keep noise off the line, thus improving 
the stability of the regulator. 

RESISTOR QUIZ 

I would like to thank all the readers 
who have written in response to the Re
sistor Quiz in the July issue. Although 
some wrote suggesting answers such 
as 0 ohm, 14 ohm, Y3 ohm, and ~ ohm, 
most arrived at the correct answer of ~ 
ohm. As you will recall, the problem in
volved finding the effective resistance 
between points A and B in the infinite 
matrix of 1-ohm resistors. Of those who 
reported the correct answer, some used 
a "shotgun" approach by having a com
puter solve the problem for a very large 
but finite matrix. Others suggested the 
following , elegant solution. 

Connect a one-ampere current source 
between node A and infinity so that 1 
ampere flows into node A. By symmetry, 
the current will split into four 14-ampere 
components, each of which will flow 
through one of the four resistors. Then 

remove the current source and connect 
it between node B and infinity so that 1 
ampere flows from node B. Again, the 
symmetry of the lattice dictates that 14 
ampere will flow into node B from each 
of the four resistors connected to it. 

The superposition theorem allows us 
to sum the resulting currents from both 
configurations. Accordingly, the current 
through the resistor connected directly 
between A and B is 14 + 14 or ~ am
pere. By Ohm's law, the voltage across 
the resistor, EAB· is ~ ampere times 1 
ohm, o"r ~ volt. Ohm's law also tells us 
that the effective resistance between A 
and Bis EAB divided by /T, the total cur
rent in the matrix. In this case, his one 
ampere. Thus, RAB• the effective re
sistance between A and B, is ~ volt di
vided by 1 ampere, or ~ ohm. 
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Product 
Test Reports 

GENERAL ELECTRIC MODEL 3·5825 

AM/SSB CB TRANSCEIVER 

Features high average modulation and good noise suppression. 

G ENERAL ELECTRIC's Model 
3-5825 AM/SSB transceiver is de

signed to provide total communication 
capability on the Citizens Band. It oper
ates on all 40 channels and employs a 
digital frequency synthesis system and 
the now customary seven-segment LED 
channel display. Special features to be 
found in this transceiver include internal 
burn-out circuit protection, an antenna
failure indicator (Aw1), and a quick
release mobile-mounting setup . 

The transceiver also has the following 
complement of controls and features: RF 
GAIN, SQUELCH, CLARIFIER, and VOLUME 
controls; illuminated S/r-f meter; switch
able anl/noise blanker; AM/Lss/uss 
mode selector; transmitter-on LED and 
modulation peak indicator; automatic 
level control (ale) and automatic modu
lation control (amc); HI/LO TONE switch; 
detachable dynamic microphone; PA 
operation; jacks for external speakers; 
bottom-facing speaker; operation from a 
12-volt de negative- or positive-ground 
power system; reverse-polarity protec
tion; line filter ; and electronic switching 
and voltage regulation . 

The transceiver measures 1 O5/8"D x 
71/i"W x 21/i"H (27 x 19.1 x 6.4 cm) . 
$329.95. 

Technical Details. On SSB, the re
ceiver employs single conversion to a 
10,695-kHz i-f and uses a crystal filter 
for selectivity and sideband selection. 

Three 10,695-kHz i-f stages, two of 
which are direct coupled, precede the 
SSB product detector, while carrier in
jection is provided by a 10,695-kHz crys
tal oscillator (bfo) . A second conversion 
to 455 kHz is employed for AM , which 
uses a ceramic filter for selectivity. 

A diode-protected transistor stage 
precedes the first mixer. The second 
mixer, used for AM, is of the balanced
diode type. Three 455-kHz i-f stages 
precede the AM diode envelope detec
tor and age, following which is the anl 
that can be switched in and out simul
taneously with the noise blanker. The 
latter employs an r-f amplifier, detector, 
and pulse amplifier that cause the output 
of the first mixer to be interrupted (gat
ed) by the noise pulses. 

The audio section, including the pow
er-output amplifier, is incorporated into a 
single integrated circuit. The squelch 
system is a three-stage amplified sys
tem that is activated by the age. 

A phase-locked-loop (PLL) scheme is 
used for frequency control. It contains 
the usual 10,240-kHz crystal oscillator, 
from which the standard reference is de
rived . This oscillator is also used for the 
second conversion to 455 kHz for AM 
reception. 

The voltage-controlled oscillator (vco) 
at the first mixer functions at a frequency 
10,695 kHz higher than the CB signal. 
Its comparison signal is obtained 
through a down mixer and a 10,052.5

kHz crystal oscillator and dividing setup 
that is controlled by the channel selector 
switch. This signal is applied to an IC 
phase comparator, along with the stand
ard reference. The LED display consists 
of the usual decoder/driver circuitry. 

On transmit in the AM mode, a 
10,695-kHz crystal signal from the bfo is 
difference-mixed with the vco signal to 
provide the on-channel carrier. The mix
er is followed by a two-stage r-f pream
plifier, driver, and final power amplifier. 
The latter two stages are collector
modulated as usual from the audio sec
tion in the reciever, which contains auto
matic modulation control (amc) . A multi
section output network provides imped
ance matching to 50-ohm loads and at
tenuation of harmonics. 

An Antenna Warning Indicator (Aw1) 
comes on if a short or open circuit or oth
er malfunction in the antenna system 
causes a high SWR to be detected by a 
sensing element in the transmitter. This 
indicator immediately apprises the user 
of a problem. It functions only on AM . If 
the malfunction is not noticed immedi
ately, the manual states that built-in cir
cuit protection will permit the transmitter 
to be operated for up to five minutes be
fore damage occurs. 

The usual type of SSB transmitting 
system is used in this transceiver. It con
sists of a balanced modulator and crys
tal sideband filter, followed by the trans
mitter mixer, where the signal is com
bined with the 10,695-kHz crystal signal 
for USB use. This crystal signal is shift
ed to 10,692 kHz, along with a 
+ 3000-Hz change in the vco to set up 
the initial signal at the proper side of the 
filter for LSB use. 

Laboratory Tests. The receiver's 
sensitivity measured 0.8 µ. V for 10 dB (S 
+ N)/N with 30% modulation at 1000 Hz 
on AM with a nominal 0.5-µV signal at 6 
dB (S + N)/N. In either case, it pro
duced a maximum sine-wave audio out
put of 3.25 watts at less than 2% THD 
with a 1000-Hz test signal into 8 ohms. 
SSB sensitivity was nominally 0.18 and 
0.1 µVfor10and6dBS/N. 

Operating from the standard test 
source of 13.8 volts de, the transmitter 
carrier output on AM was 3.75 watts . Up 
to 100% modulation was possible, and 
at microphone levels 25 dB more than 
needed for 50% modulation, the THD 
with a 1000-Hz signal was less than 2% 
(10% with a 400-Hz signal) . Adjacent- · 
channel splatter with 1000-Hz or voice 
signals was at least 60 dB down and no 
overmodulation was observed. The 
6-dB audio response was 500 to 2400 
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Hz, and transmitter frequency tolerance 
was within ± 2 Hz of - 83 Hz. 

The r-f power output on SSB was 9 
watts PEP using test tones and 12. 75 
watts PEP during voice operation. The 
unwanted-sideband and carrier sup
pression were 55 dB on USB and 60 dB 
on LSB. The audio response was 300 to 
2800 on LSB and 380 to 3100 Hz on 
USB. Third-order distortion products 
were 29 dB below two test tones (35 dB 
below PEP) at 1 0 watts PEP, while at 12 
watts PEP, they were 23 dB below test 
tones (29 dB below PEP). Above 10 
watts PEP, some flattopping was noted, 
accounting for the deterioration we ob
served at 12 watts PEP. 

The range of the squelch threshold 
was 0.5 to 550 µ V. The age held the au
dio output level to within 8 dB on AM and 
13 dB on SSB with an r-f input change of 
20 dB at 1 to 10 µV. It held to 15-dB on 
AM and 20 dB on SSB with an 80 dB 
change at 1 to 10,000 µV. The S meter 
registered 89 with a nominal 50-µ V in
put signal. 

Image rejection was 65 dB (primary) 
and 60 dB (secondary) . 1-f and other un
wanted spurious-signal rejection mea
sured greater than 80 and 60 dB, re
spectively. AM adjacent-channel rejec
tion and desensitization was 58 dB mini

mum. Unwanted sideband suppression 
was at least 60 dB at 1000 Hz. The 6-dB 
audio response was 575 to 1600 Hz on 
AM and 600 to 2000 Hz on SSB (the cla
rifier control works only on SSB receive), 
with the upper end extending 300 to 400 
Hz higher with the tone control set to HI. 

User Comments. As our measure
ments indicate, receiver sensitivity, se
lectivity, and unwanted-signal re
sponses, plus the use of the r-f gain con
trol , provided good reception under ad
verse conditions. The ANLINB combina
tion enhanced receiving performance, 
with our lab tests showing that the origi
nal S/N versus sensitivity was main
tained in the presence of impulse noise 
100 dB above 1 µ V /MHz bandwidth. 
Vehicle tests were also excellent. 

We obtained good quality and high 
audio output power even with weak r-f 
signal levels. Use of the tone control let 
us set up the sound to suit our own 
taste. In this respect, the HI tone position 
provided us with the best intelligibility. 
On the other hand, the LO position 
helped to minimize noise. 

The transmitter performed nicely, pro
viding high average modulation levels 
without overmodulation or adverse 
splatter. The excellent unwanted-side-
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band suppression on SSB made dual
channel operation (simultaneous use of 
one frequency with two separate con
versations, one on LSB and the other on 
USB) possible without interference be
tween the two . 

The transceiver is enclosed in a well
shielded case. The rotary controls are 
clearly identified and convenient to use. 
The mode and channel selector knobs 
have grip bars for easy operation. We 
particularly like the mode switch setup at 
the top of the panel , with the center posi
tion for AM and the LSB and USB posi
tions to the left and right. 

Another nicety is that the clarifier con
trol ha's ± 1 to ± 5 calibration points, with 
a detent at the center position. This 
makes for quick retuning. 

The edgewise meter is somewhat 
easier to read than is usually the case. 
Miniature toggles are used for switching 
some functions, such as the tone control 
(which has fixed HI and LO settings). 

Aside from good overall performance 
and convenient handling, the transceiv
er offers the mobile user the advantages 
of SSB for enhanced CB communica
tion . Of course, the inclusion of AM op
eration allows the user to communicate 
where the "other" station is not 
equipped for SSB. 

ARIES SYSTEM 300 ELECTRONIC MUSIC SYNTHESIZER 
Has fi ve-octa ve keyboard and 12 fu nctional modules. 

T HE ELECTRONIC music synthesiz
er has added a whole new dimen

sion to modern music. The basic charac
teristic that sets it apart from other musi
cal instruments is flexibility. A synthesiz
er ·can produce almost as many different 
sounds as the player can imagine. 
That's why electronic music comprising 
many synthesizer tracks is so dramatic, 

. and why many rock bands now use the 
synthesizer as a primary keyboard in
strument. 

The Aries System 300 is a two-voice, 
modular electronic music synthesizer. It 
has a five-octave keyboard with key

board interface and 12 functional mod
ules :· two envelope generators; voltage
controlled amplifier (vca); two voltage
controlled oscillators (vco's); voltage
controlled filter (vet); dual low-frequency 
oscillator/lag/inverter; sample-and-hold 
/clock/noise generator; balanced modu
lator; dual mixer; power supply; and an 
audio output/power control module. 
Cases, keyboard, and modules are 
available separately (see box). The key
board in its case measures 43"L x 1 O"D 
x 4"H (110 x 25.4 x 10.2 cm) and the 
synthesizer cabinet measures 34\12''L x 
1O"H x 1 O"D (88 x 25.4 x 25.4 cm). 

General Description. At the heart of 
the System 300 synthesizer is the 
AR-317 voltage-controlled oscillator 
(vco) module. It produces and simul
taneously provides four waveforms at 
amplitudes of 10 volts peak-to-peak. 
The ± 5-volt sine, sawtooth, and triangle 
waves are centered on a 0-volt refer
ence, while the variable-width pulse out
put oscillates between 0 and 1 O volts . 

Exponential circuitry provides 1-volt/ 
octave (1 /12-volt/semitone) control 
over a very wide range. Two potentiom
eters and a RANGE switch permit manual 
control from 0.03 to 30 Hz and from 16 
to 16,000 Hz. External control voltages 
can determine the output frequency over 
a 0.002-to-50,000-Hz range. Four con
trol inputs, one with a level control, are 
provided . The control inputs are 
summed so that each +1-volt input dou
bles and each -1 -volt input halves the 
output frequency. Inputs are also provid
ed for pulse-width modulation and fre
quency syncing with an external square
wave or pulse generator. 

The basic waveform produced by this 
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Listen to what the world is saying. • • 

THE YAESU FRG-7 MARK II. .. 

ACCLAIMED THE FINEST ALL-BAND RECEIVER 

IN ITS PRICE CLASS ...AND MORE! 


Professional critics have been loud in their acclaim 
for the YAESU FRG-7 solid state synthesized 500 kHz to 
29 .9 mHz all band receiver. Triple-conversion, the AC, 
12V DC, or flashlight battery operated receiver provides 
exceptional sensitivity, dial accuracy and rock-like 
stability of reception . Mate it with the YAESU QTR-24 
world time clock and you'll know the exact time, night or 
day anywhere! Try it at your YAESU dealer or write for 
full information . .. NOW! (UL approved) 

• \7&~~~ 
Dealer The radio.QTR-24 Inquiries 

World Clock Welcomed Yaesu E lectronics Corp .. 15954 Downey Ave., Paramount. CA 90723 • (213) 633-4007 
Yaes u Electronics Corp.. Eastern Service Ctr., 613 Redna Ter .. Cincinnati. OH 45215 

module is the triangle. Its frequency is 
determined by an exponential current 
source varied by the control inputs. The 
source provides charging current for tim
ing capacitors selected by the RANGE 

switch. A loop composed of two opera
tional transconductance amplifiers, a 
complementary pair of bipolar transis
tors, and a JFET generate the triangle 
waveform. 

The triangle wave is buffered and pre
sented at the appropriate output jack. It 
also drives an open-loop op amp and a 
waveform converter circuit, which re
sults in variable-width (5% to 95%) pulse 
and sinusoidal outputs. The sawtooth is 
generated by a separate loop driven by 
a secondary output of the exponential 
current source. This sawtooth circuit is 
pulse synchronized to the main oscilla
tor loop. 

The AR-312 envelope generator pro
duces a O-to-10-volt signal that is nor
mally used as a control input for a vca or 
voltage-controlled filter (vcf). The AT

TACK, DECAY, SUSTAIN, and RELEASE 

controls shape_ the output waveform . 
When a positive gate signal is applied to 
the input, the envelope generator can 
accept trigger pulses. Upon receipt of a 
trigger pulse, the generator's output in

creases exponentially from 0 to 1 O volts, 
at a rate determined by the setting of the 
ATTACK control. The attack time is vari
able from 2 ms to 4 s. A level detector 
conducts when the output reaches 1 O 
volts, causing the main timing capacitor 
to discharge at a rate determined by the 
setting of the DECAY control. The output 
voltage decays exponentially until it 
equals a threshold selected by the sus
TAIN control and remains at this level un
til the gate signal is removed. When this 
occurs, the output exponentially decays 
to 0 volt at a rate determined by the set
ting of the RELEASE control. 

Four outputs (wired in parallel) and 
two gate and trigger inputs are provided. 
Pressing a MANUAL GATE switch acti
vates and triggers the envelope genera
tor . When the button is released, the 
output signal decays to ground. This 
module also includes a four-jack, front
panel patch point. 

Dynamic control of an audio signal is 
performed by the AR-316 vca, which is 
designed around a CA3080 operational 
transconductance amplifier. One of two 
op amps sums four control inputs (one 
with an attenuator) ; the other serves as 
an output gain stage . Setting the MODE 

switch to LIN causes the vca's gain to be 

determined by the ratio (control volt
age)/10. In the EXP position, the gain is 
determined by the formula gain (dB) = 

1O(V - 10), where V is the control volt
age in volts. This allows a 10-dB/volt 
control. 

Four audio inputs, two of which are 
connected by level controls, can be ap
plied and summed by the CA3080. An 
INITIAL GAIN control acts as a front-panel 
master gain control. Depending on its 
setting and the magnitude of the control 
inputs, the gain will vary from -100 to O 
dB. The vca can handle audio inputs up 
to ± 1 0 volts peak and control inputs up 
to + 1 O volts maximum. 

Control over the tonal characteristics 
of synthesizer waveforms (and those of 
other electrical musical instruments) is 
furnished by the AR-327 multimode vcf. 
Audio input signals are summed by an 
op amp mixer and passed through one 
or more active filters . Control inputs are 
mixed by another op amp, whose output 
drives an exponential generator module. 
The module controls op amps that set 
the frequency response of the active fil
ters . Low-pass, high-pass, band-pass, 
and peak/notch outputs are available si
multaneously. (The notch or peak mode 
is switch selectable.) Response is 12 
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dB/octave, and Q is adjustable from 0.5 
to 512 by means of a RESONANCE con
trol. One audio and one control input are 
connected to front-panel attenuators. 

Exponential control, an important vco 
feature, is also provided. The cut-off fre
quency of the filter increases one octave 
for each + 1-volt increase of the control 
input and decreases one octave for 
each -1-volt increase. A FREQ control, 
together with any control inputs, deter
mines the cutoff frequency over a 16
to-16,000-Hz range . 

Three modules contain independent 
circuits that perform separate functions. 
The AR-324 module has two low-fre
quency oscillator's (Ito's) that simultane
ously provide ± 5-volt triangle , O-to-1 0
volt sawtooth, and O-to-1 0-volt square
wave outputs over a frequency range of 
0.3 to 30 Hz. The oscillators can be syn
chronized to an external pulse or 
square-wave generator by means of a 
SYNC input. As in the vco, the sawtooth 
is generated independently. Differentiat
ed pulses from the square-wave circuit 
control the discharge of the capacitor 
across which the sawtooth is developed. 
Thus, the sawtooth is synchronized to 
the other waveforms. 

The lag circuit in this module is essen
tially a low-pass filter. A potentiometer 
determines the time constant (1 ms to 1 
s) of an RC circuit. The output of the lag 
is buffered by a unity-gain voltage fol
lower. Also included in the module is a 
variable-gain inverter. Inputs are cou
pled to a standard op-amp inverter 
through a variable attenuator. The max
imum voltage gain is -1. Both the lag 
and inverter can handle peak signals of 
±10volts. 

The second multifunction module is 
the AR-318 sample-and-hold/clock/ 
noise generator. When a positive-going 
pulse is applied to the trigger input of the 
sample-and-hold circuit, a FET switch 
turns on and allows a capacitor to 
charge up to half the instantaneous sig
nal voltage. (The input is passed 
through a 2:1 attenuator.) The switch 
then turns off to prevent the capacitor 
from further charging or discharging. 

A FET op amp output buffer multiplies 
the capacitor voltage by two and pre
sents it at the sample-and-hold output. 
When a positive signal of at least 2 volts 
is appl!ed to the GATE input, the FET 
switch is kept on continuously. In this 
"track-and-hold" mode, the input follows 
the output exactly. If the gate signal is 
removed, the output remains at the in
stantaneous signal voltage at the time of 
removal. The circuit can also be activat
ed by a MANUAL TRIGGER switch. 

The clock is a voltage-controlled, 
low-frequency oscillator with O-to-10-volt 
sawtooth, square-wave, and trigger 
(narrow pulse) outputs. The frequency 
range is 0.3 to 30 Hz. Inputs are provid
ed for frequency modulation and sync
ing to an external pulse or square-wave 
source. A switch allows either the clock 
or an external source to provide trigger 
and gate signals for the sample-and
hold circuit. 

The third function of this module is to 
provide three noise signals. White noise 
is developed by amplifying and filtering 
the output voltage from a reverse-biased 
transistor junction. Pink noise is ob
tained by passing the white noise 
through a -3-dB/octave low-pass ac
tive filter. The pink noise is rectified, fil
tered, and amplified to create a slowly 
varying random waveform. The random 
and pink-noise outputs are 4 volts rms, 
with equal energy per cycle between 0.4 
and 7 Hz and equal energy per octave 
between 16 and 16,000 Hz, respective
ly. The 7-volt rms white-noise signal has 
equal energy per cycle between 16 and 
16,000 Hz. 

The AR-315 module contains a bal
anced modulator and two general-pur
pose attenuators. The balanced modu
lator has X and Y inputs. Signals applied 
to these inputs are fed to a four-quad
rant multiplier 1C whose output drives an 
op amp in the -differential mode. When 
the circuit is properly trimmed, the out
put voltage is XY/10, where X and Y are 
the input signal levels in volts. If either or 
both inputs is zero, the output is zero. 
The levels can be independently con
trolled for each input. The two attenua
tors in the module can be used at any 
point in a synthesizer patch. 

Signal summing is performed by the 
AR-323 dual mixer. Each mixer has four 
inputs, two of which have polarity selec
tion switches and level controls. This al
lows both addition and subtraction of au
dio signals, envelopes, etc. Outputs are 
provided for the A and B mixer separate
ly, as well as combined A+ Band A 
B. These allow the module to be used as 
a single eight-input mixer. Six op amps 
are used for signal summing and invert
ing. Maximum signal levels are ± 1 O 
volts. 

The voltages required by the various 
modules in the system ( +5, + 15, -15 
volts) are supplied by the AR-322 power 
supply module. IC voltage regulators, 
large heat sinks, and electrolytic capaci
tors are used in the module. The three 
current-limited (1-ampere) output volt
ages are available at three parallel
wired octal sockets. 

The AR-326 output and power control 
module switches ac from the line to the 
power supply and contains two indepen
dent audio output amplifiers. The am
plifiers are each mounted on separate 
pc cards and consist of an op amp driver 
and a complementary pair of transistors 
operating in class AB. The output sig
nals are routed to a headphone jack and 
two output phono jacks. The module can 
drive headphones, high-impedance (40 
ohms or more) speakers, or power am
plifiers. Two four-jack patch points are 
provided as are jacks at which + 10 and 
-10 volts are available. The power sup
ply's ac line switch and pilot light are 
mounted on the front panel of the 
AR-326 module. 

All of the modules described so far 
mount in the AR-310 cabinet. Eleven 
modules (all but the power supply) have 
front panels and all of these except the 
output power and control module plug 
into 22-pin edge connectors, which bus 
power from the power supply module. 

Patching can be accomplished in one 
of two ways. First, patch cords terminat
ed with miniature phone plugs can be in
serted into front-panel jacks. This allows 
the user to make hundreds of different 
patch combinations according to his 
own ideas of how the synthesizer should 
be used. Alternatively, all inputs and out
puts at the edge connectors can be 
hard-wire patched, or limited-patch 
switching can be developed via the edge 
connectors. 

Also included in the System 300 are 
the AR-311 keyboard, AR-313 keyboard 
interface, and AR-320 keyboard case. 
The preassembled keyboard has 60 
precision resistors that form a voltage di
vider. One set of gold-plated key con
tacts connects a specific tap on the volt
age divider to the keyboard voice bus. 
The voltage on this bus depends on the 
specific key depressed. The lowest key 
produces O volt and the highest, five oc
taves away, produces 5 volts. Each as
cending key produces an 83.3-mV in
crease over the key to the left, resulting 
in 1 volt/octave voicing. 

The keyboard voice voltage tracks the 
lowest key depressed. However, anoth
er "auxiliary voice" voltage is developed 
when two keys are pressed simultane
ously. The magnitude of this voltage de
pends on the keyboard interval created 
by the two keys. A second set of gold
plated contacts is used to generate gate 
and trigger signals. 

The AR-313 keyboard interface pro
duces four output signals. The GATE sig
nal is at + 1 O volts and remains on as 
long as any key is held down. The TRIG
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GER output is a ± 10-volt, 1-ms pulse 
that appears each time a key is pressed. 
The VOICE output is a de voltage that is 
proportional to the lowest key held 
down. It remains at its last level after the 
key is released. 

When the interface is properly tuned 
and trimmed, the lowest key (C) pro
duces a 0-volt "voice" signal. The C# 
key produces 83.3 mV, etc. Hence, each 
octave adds one volt, which raises the 
output frequency of the vco by one oc
tave. The "aux voice" output appears 
only when more than one key is pressed 
at the same time. Its voltage is propor
tional to the interval between the highest 
and lowest keys depressed. When one 
or no key is depressed, this output is O 
volt. 

The interface's TUNING control adds or 
subtracts voltage from the VOICE output 
over a 1.5-octave range. It has no effect 
at or near its center position. Glide or 
slur from one key to the next is provided 
by the portamento circuit. The POR

T AMENTO control determines the glide 
time that is essentially independent of 
the keyboard interval in the NORMAL 

mode. In the LINEAR mode, the glide 
takes longer for larger intervals. Placing 

Attenuators 
AR-317 VCO (2, each) 
AR-318 SSmple-and-HoldtClock/ 

Noise Generator 
AR-323 Dual Mixer 
AR-324 Dual LFO/Lag/lnverter 
AR-322 Power Supply 
AR-326 Output and Power 
AR-31 OSynthesizer Cabinet 
System Price (Kit form) 

the PORTAMENTO switch in the OFF posi
tion disables the circuit. 

The AUX TRIM and VOICE TRIM are 
front-panel screwdriver-type controls 
that are used to set the output intervals 
to 1 volt/octave. After initial adjustment, 
they need not be disturbed. 

Assembling the Kit. This is a fairly 
complex kit to assemble. Actually, it is a 
collection of mini-kits. Each of the mod
ules can be assembled and tested inde
pendently. After completing the power 
supply module, we put together the syn
thesizer cabinet from precut lumber. 
Then we installed the power supply and 
edge connectors to be ready for each of 
the other modules. 

Next, we assembled the keyboard, 
keyboard interface, and keyboard case. 
The keyboard case comes precut and 
drilled, and the keyboard itself is preas
sembled . The interface circuitry is 
housed on two printed circuit boards. 
The interface boards (as well as those in 
the other modules) are not silk screened 
with component locations, but assembly 
was not difficult because larger-than-life 
parts placement diagrams were provid
ed with the instructions. 

System Price (Assembled) 1895.00 

62.00 
M5.00 

59.00 
65.00 
65.00 
92.00 
59.00 
89.00 

1195.00 

DIP IC INSERTION 
TOOL WITH PIN 
STRAIGHTENER 
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With two exceptions, each Aries mod
ule worked perfectly the first time it was 
powered . One was due to a wiring error. 
The other was a result of a marginal cir
cuit's design given tolerance of parts. 
Trouble was experienced with the dual 
Ito's. Correct waveforms were obtained 
at the square and triangle wave outputs, 
but a +1 0-volt level appeared in place of 
the sawtooth outputs. Aries was contact
ed for advice by telephone. Following a 
few suggestions from Jim Bastable (now 
one of the Aries partners), the begin
nings of a sawtooth appeared . 

Further experimentation on our and 
Aries' parts resulted in a solution to the 
problem, which involved a few changes 
in component values. Aries has modified 
the circuit in line with our results, and in
formed us that although previous mod
ule purchasers had not contacted them 
about the sawtooth, they would all be in
formed of the change. 

We performed the various circuit ad
justments with the aid of a multimeter, 
frequency counter, and oscilloscope. 
These instruments are not absolutely 
necessary for making the adjustments, 
but they do make them easier to perform 
and yield accurate results. Easy-to-fol
low trim instructions are provided with 
each module. 

The last part of assembly was to finish 
the wood that makes up the two cases. 
This is an option left to the builder's 
tastes, but it is well worth the effort, 
since it results in an instrument that 
looks as good as it sounds. Two coats of 
stain and then two coats of polyurethane 
were applied to all exterior surfaces of 
the keyboard and synthesizer cabinets. 

Total assembly time for the System 
300 was about 95 hours, not including 
the three hours or so required for trim
ming adjustments. We noted during as
sembly that all components supplied 
were of high quality. In many cases, 
components with tolerances closer than 
specified in the parts lists were supplied. 

User Comment. Modern electronic 
music synthesizers fall into two catego
ries , performance types and studio 
types. The performance synthesizer is 
polyphonic, computerized, and looks 
like and is played in a manner similar to 
an electronic organ. The studio synthe
sizer, on the other hand, is usually mo
nophonic or has two- or three-note 
chord capabilities. Most studio synthe
sizers are made up of combinations of 
different modules that are designed to 
be interconnected as required by jacks 
and patch cords. With this type of instru
ment, the musician has a more deliber

ate, subtle control over each note he 
generates. He can patch as conditions 
require . As each note is generated, he 
can record it and, at the end, perform a 
mix-down to obtain the final "composi
tion." 

The Aries System 300 is decidedly a 
studio synthesizer. It looks solid and 
substantial. More importantly, it sounds 
as good as it looks. 

The fact that this is a kit and is modu
lar in design gives the user a wide range 
of possibilities for designing the instru
ment to meet his own specialized needs. 

We were impressed with the way Ar
ies has covered the classical spectrum 
of function modules in the System 300. 
As laid out, the system gives the musi
cian a practically infinite palette. Each of 
the modules that make up the system 
performed with clean precision, and we 
were unable to exhaust the patch combi
nations possible. 

On the negative side, we found the 
control parameters to be too husky and 
too responsive . We would have pre
ferred to be able to spread the control 
over a larger, smoother range. For ex
ample, the amplitude of a control signal 
applied to the vco for vibrato (frequency 
modulation) had to be cranked down to 
the very threshold of the input level con
trol to be within acceptable limits. We 
could have passed the control voltage 
through one of the two attenuators and 
thence to the input level control, but that 
would have been awkward and wasteful. 

A similar problem was noted with the 
noise generator. It would have been 
preferable if the noise generators had 
had built-in attenuators because noise is 
seldom used at full volume. Patching the 
noise signal from its source to an at
tenuator and then to another module is a 
nuisance. In short, the Aries synthesizer 
is a bit too spunky, and it has too many 
muscles. 

For us, the ultimate test of any synthe
sizer is in musical composition, using 
multitrack overdubbing. We usually try 
to construct a piece in four stages, using 
simul-sync on a 4-track tape recorder. 
Using the System 300, we began by 
patching up an automatic percussion 
rhythm, using white noise and a sine 
wave at low audio frequency. The sam
pler module was used to control the fil
ter's cutoff frequency. (Signals were tak
en from the filter's bandpass output.) 
The pulse output of a low-frequency os
cillator was used to trigger the envelope 
generator. The result was a pseudo 
bass drum and brushed cymbal. The 
drum, controllable from the keyboard, 
was played as a bass line rhythm on the 

first track of the 4-track tape recorder . 
Next, we set up and played a chro

matic cymbal on track two to comple
ment the walking bass. Then a voice 
patch with an envelope and vibrato that 
approximated the human voice was re
corded on track three as a melodic fig
ure manipulated in conventional ballad 
fashion. Finally, a supporting contrapun
tal line was added, using a stringy 
sound. When we were through, we were 
pleased with the result. The Aries sys
tem had accomplished everything we 
asked of it. 

In sum, the Aries System 300 is for 
serious music and meticulous recording 
applications. It was obviously designed 
by an engineer who takes pride in his 
craft. The system may be a bit compli
cated and clumsy to program, but then it 
is definitely not a toy. However, we 
learned at press time that another mod
el, using the same internal design, will 
be available to permit one to override 
the patch-cord interconnect system at 
will. This would give the option of using 
the unit as a highly flexible studio syn
thesizer or as a "live" performance syn
thesizer with less control flexibility. So it 
is possible, you see, to have your cake 
and eat it, too. 

(The User Comments in this report 
were prepared by Robert A. DeVoe, 
Professor of Education at Fairleigh Dick
inson Univ. in New Jersey. Mr. Devoe 
has conducted radio and classroom 
courses in the Humanities and Electron
ic Music and is an accomplished com
poser of electronic music. His work has 
won the Armstrong award for excellence 
in FM broadcasting and the John Hay 
Fellows Award in Humanities. He is also 
the author of Electronmusic: A Compre
hensive Handbook, published by Elec
tronic Music Laboratories, Inc., Box H, 
Vernon, CT 06066.) 

CIRCLE NO . 104 ON FREE INFORMAllON CARD 

POPULAR ELECTRONICS 102 



CB Scene 

By Ivan Berger 

BETTER EMERGENCY SERVICES ARE NEAR 

THE ODDS on someone's hearing 
when you call for help on Channel 9 

are going up. The government is raising 
them. And you can help. 

The government's goal is to knit 
together law-enforcement officials, med
ical and emergency services, automo
bile clubs and such volunteer CB moni
toring groups as REACT and ALERT 
into a network which will put every CB
equipped car in the country within reach 
of fast emergency assistance. To imple
ment that goal , a new program has been 
set up that's called National Emergency 
Aid Radio, or NEAR. 

Independent efforts at coordinating 
CB with emergency services have been 
going on successfully for years, of 
course. REACT and the other monitor 
groups, for example, have teams to lis
ten to Channel 9 in systematic shifts, so 
that there is always someone there to 
hear and relay calls for help. Several 
states have equipped their highway pa
trol cars with CB. Some Smokeys have 
even equipped their official vehicles at 
their own expense . 

The results have been impressive. 
Where the police are equipped to hear 
them, CB'ers now often report to 
Smokey, telling him of reckless drivers, 
accidents, traffic jams, hazardous condi
tions and other emergencies. Such ex
periences doubtless helped the Depart
ment of Transportation's National High
way Traffic Safety Administration 
(NHTSA) to recognize CB radio com
munication as "the only existing method 
convenient to the public at large by 
which the motorist can enter the re
sponse system from his vehicle," and to 
setup NEAR. 

The program will be federally funded, 
but must be implemented by the in
dividual states. That leaves it up to each 
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state to decide how it will allocate its 
NEAR fonds : to buy CB equipment for 
local police and emergency services, to 
set up public information programs, to 
train CB monitors in emergency report
ing procedures, and to pay the costs of 
administering NEAR. States may even 
elect not to participate at all. 

Those states which do participate will 
be assigned easily-recognized call signs 
for use in legally communicating with 
other CB operators. These callsigns will 
consist of the letter "K, " the state's two
letter abbreviation, and the number 
0911-"KNY-0911" for New York, for in
stance, or "KCA-0911 " for California. 
(Since each state government is a single 
licensee, all its CB units share a single 
callsign .) 

No money is allocated for direct use 
by volunteer monitors. However, there 
are ways that they can benefit indirectly. 
Local or state governments can set 
aside space in government facilities for 
volunteers' use, and may even provide 
equipment there. But the equipment will 
remain the government's, not the volun
teers '. NEAR funds can also cover ex
penses directly relating to monitoring ac
tivities, such as long-distance telephone 
calls made in response to emergencies. 

Where groups like REACT will benefit 
directly is in closer contact between gov
ernment and volunteers. We understand 
that each state must collaborate with 
volunteer monitors (and with other vol
unteer groups, such as Civil Defense) in 
setting up a NEAR Advisory Council and 
a NEAR plan. Without such collabora
tion, the state won't qualify for Federal 
NEAR funds. 

The volunteer monitor groups must 
meet several criteria, though. For in
stance, they must be primarily devoted 
to emergency communications monitor-

CB Base Antenna 
Co-inductive 
The omni -directional CB 
antenna that radiates from 
the top - for greater range 
and performance. 4.46 db 
gain over isotropic 
stronger signal , clearer 
reception. No coils to 
burn or short. Vertical 
polarity. Patent #3587109 
Model AV-101 ... price $39.95 
2.8x more power 
E.R.P. 
Avantl CB base antennas 
from $20.50 to $404.00 

RACER 27TM 
CB Mobile Antenna 
Magnetic mount 
Easy to mount on roof or trunk 1· 
for car, van or truck - no holes to 
dri 11 - fast removal for hide away 
or car washing. Strong magnet 
assures position. Mylar pad guards 
vehicle finish . 
Hermi-coil (Hermetically sealed coil) 
- A special molding process 
provides a weather-proof coil 
environment. Helps maintain the 
characteristic antenna impedance, 
even in damp or salt water 
atmosphere. Hermi-coil also helps 
eliminate internal surface leakage. 
Ribbed base - Provides a long 
leakage path used in high voltage 
insulators, spark plugs, etc. 

Specifications: Elec trical 'I• wave length 
e Unity gain e 27 MHZ 

_..._...,"' 

• V.S.W.R. - 1.3: 1 o r better 
• Coil - shunt fed hermicoil 

MODEL AV-727 Mobil'e Antenna System 
with 48 " whip, 17' coaxial cable with 
magnetic mount. 40 channel $32.95 
Avantl makes a complete line of high 
performance mobile ca antenna systems 
from $11.95 to $72.50 

FREE 24 PAGE CATALOG
•'i\"'i\t\1\ 


Avanti Research &Development, Inc. 
Established 1964 

340 Stewart Ave., Addison, IL 60101 USA 
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Defore 

you buy 

stereo 


headphones, 

get 


some 
good


aClvice. 


Theirs: 
Julian S. Martin 


HI-FI STEREO BUYERS' GUIDE, March-April, 1976 


"Superb from every viewpoint. An outstanding achievement in headphone 
design. One of the most comfortable." 

The Len Feldman Lab Report 

TAPE DECK QUARTERLY, Winter, 1975 


"Response of these phones extends uniformly from 20 Hz to over 22,000 Hz 
with no more than ±2dB variation over this entire range . .. this is nothing 

short of incredible." 

New Equipment Reports 

HIGH FIDELITY, January, 1976 


"The sound quality the AT-706 presents Ito you] is exceptional: very wide 
range and smooth ..• Within this excellent operating range the sound is 

exceedingly clean and open ...an extremely fine stereo headset." 

If you asked the critics they'd tell you to listen critically to a variety of 
products before you buy. We agree. Because the more carefully you listen, 
the more you'll be impressed by the sound of Audio-Technica. 

AT-706 
Electret Condenser 

Stereo Headset $129.95 

Our finest Personal Transducer 


f1\\audio-technica®
~INNOVATION o PRECISION o INTEGRITY 

AUDIO-TECHNICA U.S., INC., Dept. 107P, 33 Shiawassee Avenue, Fairlawn, Ohio 44313 
Available in Canada from Superior Electronics, Inc. 

ing, have demonstrated their capabilities 
and earned community support, and 
have state or national affiliations. 

Independent monitoring will still be 
encouraged. NEAR funds spent on pub
lic infcrmation and education will prob
ably result in more and more CB users' 
learning what Channel 9 is for and how 
to use it. This part of the program has al
ready borne some fruit. It's a handy, 
common-sense book called the Citizens 
Band Monitor Guide. Some of its hints 
and reminders struck are especially 
worth noting. 

Four C's._The book stresses the four 
"C's": an effective NEAR monitor should 
be Calm, Courteous, Correct and Con
cise. The book gives some specific tips 
on how to accomplish this: 

• "The monitor must remain the link 
between the need and the help until that 
help arrives. That includes getting and 
relaying further information from the call
er, and relaying or giving advice on life
saving or other emergency procedures 
that the caller may be able to handle in 
the meantime. 

• "Keep in mind that most calls for 
help come from a place of stress. The 
caller may be excited, shaken, alarmed, 
frantic and even hostile. Your job is to 
remain clam and instill calm and confi
dence in your caller. . . . However, you 
should not tell him to 'calm down.' This 
will only make him think you don't ap
preciate the seriousness of the situa
tion." 

• The Guide gives two pages of 
suggestions on how to deal with such 
common and uncommon emergencies 
as aircraft accidents, fires, lost children, 
stalled cars and tornados. For each of 
26 such incidents, it suggests what infor
mation a monitor should elicit from the 
caller, which government services 
should be alerted, and what special in
structions should be relayed back to the 
caller. (Oddly, I noticed no sign of anoth
er common-sense suggestion: that the 
phone numbers of all these services 
should be kept at the monitoring sta
tion.) 

• 10-codes are listed in large type, 
for easy reading. But the Guide also 
points out that "You should never use 
10-codes with parties who would not un
derstand them," though "you should be 
able to understand them, nevertheless." 

• Get the information in a regular se
quence. You can't ask everything at 
once, and you have to ask important 
things first." The book suggests one 
possible such sequence: first ask the 
nature of the problem, then the caller's 
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location and phone number (if applica
ble), then the specific location of the inci
dent, the caller's name, and more details 
of the incident itself. 

• "Explain why it will take time to 
check for information, and that you will 
call back. A party waiting on a 'dead 
phone' may become irritable and un
cooperative." 

• To simplify evaluation of the NEAR 
program's effectiveness, a monitor log
book designed for input to a computer 
will be made available. This will be for 
use only by Monitor Base Stations des
ignated by State CB NEAR Programs. 
Data to be filled in includes the time de
lay between occurence of the incident 
and notification, nature of the incident, 
type of response agency notified, and 
the time the action was completed, as 
well as identification of the calling 
source and the monitor unit. 

• Monitors should be able to identify 
an emergency's location even when the 
caller is a stranger to the area. The 
Guide suggests that monitors equip 
themselves with road, street and topo
graphical maps and guides. 

• Monitors should use words and 
phrases that are easy to transmit and 
understand, should avoid local jargon 
which callers en route through the area 

slowly and clearly.might misunderstand, and should speak 
• For clarity, it's wise to learn the In

ternational Phonetic Alphabet (Alpha, 
Bravo, Charlie, Delta, etc.), but not to 
overuse it. If reception is clear and the 
name is common, it's enough to relay it 
as 'S-M-1-T-H, Smith." You don't have to 
slow it down to "Sierra, Mike, India, Tan
go, Hotel." 

A NEAR monitor log has been de
signed, too, that's divided into sections: 
(1) identification, (2) incident, (3) loca
tion, (4) notification source, (5) action 
taken. The latter's time is to be ex
pressed in 24-hour clock time. The 
forms can be produced locally for distri
bution to monitors. Interestingly, forms 
can be used for input to a computer so 
that information can be readily extract
ed. Number codes are used throughout, 
even for the type of emergency. 

If you'd like to read the whole Citizens 
Band Monitor Guide, it's available for 
80¢ a copy ($1.00 minimum on mail or
ders) from the Superintendent of Docu
ments, U. S. Government Printing Of
fice, Washington, DC 20402. Order 
Stock No. 050-003-00235-6. 

You can also find out who's working 
on NEAR in your state by contacting 
REACT, 111 E. Wacker Dr., Chicago, IL 
60601. 0 

ffitlnfnsh CATALOG 
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Read BYTE, the leading consumer publication covering the fantastic new field of per· 
sonal computer applications. Today, large scale integration has made it possible for the 
individual to enjoy the unique benefits of a general purpose computing system. Now , an 
entire micro industry markets microcomputer related items, products that range from 
computer system kits to peripherals , software and literature on the subject. But where 
should you go for all the details about your personal involvement in computer 
technology? 

Read BYTE, the Small Systems Journal devoted exclusively to microcomputer 
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The NEW Heathkit catalog introducing our complete line of personal 
computers and many more, exciting, fun-to-build electronic kits 
NEW! HB 8-Bit Digital Computer 

This 8-bit computer based on the famous 8080A mi

croprocessor features a Heathkit exclusive " intelli 

gent" front panel with octal data entry and control, 

9-digit readout, a built-in bootstrap for one-button 

program loading, and a heavy-duty power supply 

with enough capacity for plenty of memory and 1/ 0 

interfaces. It's easier and faster to use than most 

other personal computers and it's priced low enough 

for any budget. 


NEW! H1116-Bit Digital Computer 

Heath, the world 's largest kit manufacturer, and Digi

tal Equipment Corporation, the leader in minicom

puter systems, combine to bring you today's most 

sophisticated personal computer. Features include 

DEC's 16-bit LSl-11 CPU, 4096 x 16 read / write MOS 

memory expandable to 20K (up to 32K words total), 

priority interrupt, DMA operation and more. Complete 

systems software for fast and efficient operation is 

included! 

NEW! H9 Video Terminal 

This full ASCII terminal system features a bright 12" 

CRT, with both long and short-form displays, all 

standard serial interfaces, plus a fully wired and 

tested control board. Has auto-scrolling, cursor with 

full positioning controls, full-page or line-erase 

modes, a transmit page function, and a plot mode 

for simple curves and graphs. The H9 is compact, at

tractive and easy to build . It's compatible with all 

Heathkit computers as well as most others through 

standard interfacing. 


NEW! H10 Paper Tape Reader/Punch 

Complete mass-storage peripheral using low-cost 

paper tape. Features a solid-state recorder with 

stepper motor drive, totally independent punch and 

reader modes and a copy mode for fast, easy tape 

duplication. Reads at 50 characters per second, 

punches at 10 characters per second. For use with 

Heathkit computers and most others. 

Other Heathkit computer products include a cassette 

recorder/player for mass storage, teleprinter, self

instructional programming courses, a complete li 

brary of the latest computer books, plus software, 

memory expansion cards, 1/ 0 cards and lots more 
everything you need to make Heath your personal 

computing headquarters! 

NEW! Kit products for fall 

An exciting selection of new kits includes an active 

audio processor to give your present hi-fi system bet

ter dynamic range and reduced noise levels, a new 

medium-power stereo FM-AM receiver, an electronic 

digital scale that shows you weight in big , bright 

easy-to-read numbers, and new test instruments in

cluding a low-priced precision oscilloscope and an 

easy-to-use FET multimeter. 
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NEW! Heath-recommended 
electronic products 
These unique new products are recommended by 
Heath because of their excellent quality and out
standing value. The Sony Betamax'" videotape re
cording system using exclusive ultra-compact 2··hour 
Sony cartridges; an electronic greenhouse with au
tomatic temperature and humidity controls; a micro
computer based electronic chess game; and a 
sophist icated multi-cartridge microprocessor-basEd 
video game. All are high quality, fully assembled, 
tested and priced low to give you the kind of value 
you expect from Heath. 

PLUS nearly 400 other superb, easy-to-build , money
saving products. You'll find a complete line of digital 
electronic clocks and weather instruments, plus use
ful and unique items for your car, home or office. 
There are many more exciting products to read about 
too! Home convenience items like a practical freezer 
alarm, a touch-control light switch, intercoms and a 
unique programmable doorbell. Automotive instru
ments and accessories, marine equipment, model air 
craft Radio Control gear, security systems and more. 
Plus our world-famous Amateur Radio equipment and 
test and service instruments. 
These are among the nearly 400 quality, fun-to-build 
kits described in this new Heathkit catalog. Kits for 
every interest. All with the world-famous Heathkit , 
assembly manual - a step-by-step instruction guide 
that makes kitbuilding easy and leaves nothing to 
chance. And all backed by our "We won't let you 
fail " promise. Find out about the satisfaction, savings 
and FUN of kitbuilding. 

Send for your ~ 
FREE copy today! T 
lr.!111'11'!11111111'!111!11!1'!111'!• Heath Company, Dept. 010-330HEATH1Q®i1°I@~·---------.,~ Benton Harbor, Michigan 49022 I 
1	 Please send me my FREE Heathkit Catalog. 1 

I am not on your mailing list. 
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I 
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I
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By Hal Chamberlin 

UPDATE ON MICROPROCESSOR DEVELOPMENTS 

OVER THE past year , there has 
been a flood of new microproces

sor IC's and related peripheral IC's com
ing on the market. Many have been ru
mored in the past but are now finally 
available. These new IC's are important 
to casual as well as advanced computer 
hobbyists because they will show up 
shortly in new hobbyist-oriented equip
ment offerings. 

One obvious overall trend in micro
processor IC's has been toward true sin
gle-chip central processing units or even 
complete computers. With today's CPU 
chips, one merely adds memory, ad
dress decoding , and bus buffering to 
have a complete, expandable computer. 
The newest "computers on a chip" have 
the CPU, erasable read-only memory, 
read-write memory, and a couple of in
put-output ports all in one IC! Although 
these are not as easily expanded, they 
are ideal for use in terminals or intelli
gent game machines. 

Another trend is toward 1/ 0 systems 
on a single chip. The TMS5501 IC from 
Texas Instruments , for example, com
bines a complete UART with baud-rate 
generator for serial 1/ 0 , a parallel input 
port, a parallel output port , 5 (count 
them) interval timers, and a vectored in
terrupt system into one IC! Another ex
ample is the MCS6530 from MOS Tech
nology (now part of Commodore) and 
Synertek. This IC offers 1 k bytes of 
read-only memory, 64 bytes of read
write memory, two bidirectional (pro
grammable for input or output) parallel 
ports, and a very versatile interval timer. 
As a matter of fact , two of these are 
used in the KIM-1 to hold the monitor 
and provide its extensive 1/0 capabili
ties. 

Complete peripheral controllers are 
also appearing in chip form. Most nota
ble is the fact that no fewer than three 
different floppy-disk controller IC's are 
now available. Most of them are flexible 
enough to handle the disk formats in 
common use by hobbyists as well as the 

"standard" and more complex IBM for
mat for which the chips were designed. 
Another IC that has been announced but 
is not yet available is a video display 
chip with programmable line length and 
number of lines., Even the character 
read-only memory is built-in. 

Memory developments certainly have 
not taken a vacation either. Static 4k 
memory chips have become cost effec
tive alternatives to the common 1 k 2102 
chips and are now appearing in 16k-byte 
memory boards for the hobbyist. Earlier 
problems with dynamic memory chips 
have been overcome by correct board 
design and will be emerging as the 
price-performance leader in memory for 
the hobbyist since 4k dynamic memory 
chips are now selling for as little as 
$2.70 in large quantities. Finally, the 
availability of 16k dynamic memory IC's 
makes possible the single-board "full 
gallon" (64k) memory system. In fact, 
IMSAI has announced a 64k memory 
board for its systems. 

T he 8080 Field. Even though the 
8080 is the most popular microproces
sor chip for hobbyist systems and has 
also enjoyed considerable success in 

S ize ofmicroprocessors grows 
in proportion to sophistication 
of internal logic. L eft to right, 
an 8008, 8080, and the 
latest 16-bit micro, a 9900 I C. 

commercial systems, many significant 
improvements in the family have be
come available in the last year. Im
proved versions of the original 8080 that 
run at higher speeds are now available. 
The fastest is the 8080A-1 which can 
run at a clock speed of 3.125 MHz or 
over 60% faster that the standard 8080. 
Of course these higher speeds require 
faster memory to be of any benefit but 
many of the newer memory boards run 
fast enough. 

To most people however, the most 
significant development is of course the 
Z-80. This microprocessor chip was in
troduced by Zilog , a spinoff company 
from Intel, the originators of the 8080. 
The Z-80 is fast ; selected versions run at 
4-MHz which is twice as fast as the 
8080 . Additionally, some instructions re
quire fewer clock cycles to execute than 
the 8080 equivalents. The main attrac
tion of the Z-80 for hobbyists however 
has been its extended instruction set. 
Besides all of the 8080 instructions, the 
Z-80 has many new ones. The most im
pressive class is the block search and 
move instructions. A single instruction, 
after the proper parameters have been 
loaded into registers, can perform a 
function that normally requires an entire 
subroutine. Besides the obvious savings 
in memory space, the block instructions 
execute much faster than the subroutine 
would. Other improvements are indexed 
addressing modes which simplify some 
types of programming and a duplicate 
set of registers which eliminates the 
need to save registers during interrupt. 

One of the newest developments from 
Intel is designated the "MCS-85" fami ly. 
Central to this family of chips is the 8085 
microprocessor. This chip essentially 
combines the CPU, clock generator, and 
system bus controller functions onto one 
IC. In addition, 4 individually maskable 
vectored interrupts are included right on 
the CPU chip thus solving a bad prob
lem with the original 8080. One of the 
most significant improvements is re
laxed bus timing specifications. At 
equivalent throughput speeds, the 8085 
allows memory access to stretch out as 
long as 1025 ns whereas the 8080 al
lows only 570 ns thus requiring a memo
ry almost twice as fast. Even when the 
8085 is sped up 50% to 3 MHz, the 575 
ns allowed for memory access is longer 
than an 8080 at normal speed thus al
lowing a faster system without faster 
memory. Even with all of these improve
ments, the 8085 will execute all 8080 
programs without changes. 

Other 8-Bit Processors. Of course 
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the other microprocessor manufacturers 
have not twiddled their thumbs over the 
past year. Motorola has just announced 
faster versions of its popular 6800. The 
MC68AOO runs 50% faster at 1.5 MHz 
and the MC68BOO runs fully twice as 
fast at 2 MHz. Likewise, the 6502 micro
processor from MOS Technology is 
available in higher speed versions. The 
A suffix part is twice as fast at 2 MHz, 
the B suffix runs at 3 MHz, and the 
"dash C" part smokes at 4 MHz. Re
member when comparing clock speeds 
that the above chips generally accom
plish about as much in one clock cycle 
as an 8080-type chip does in three clock 
cycles. 

National Semiconductor's SC/MP mi
croprocessor has also been improved. It 
is now an n-channel MOS chip which 
means easier interfacing and a single 5
volt power supply. Additionally the 
speed has been doubled to 4 MHz 
(which is divided by 4 internally) . Even 
with these improvements, its price re
mains the same. 

The F-8 microprocessor originated by 
Fairchild normally requires at least two 
chips to make a complete CPU. How
ever Mostek has recently announced a 
single chip F-8 that combines memory, 
an interval timer, and 1/0 ports all on the 
same chip. 

16-Bit Microprocessors. To many 
people the ultimate hobby computer 
simply must have a full 16-bit minicom
puter style instruction set. Accordingly, 
recent developments in 16-bit micro
processors are of great interest. A sig
nificant trend with the 16-bitters has 
been to try to get it all on one chip even if 
it means a larger IC package as shown 
in the photo. 

The PACE was the first single-chip 
16-bit microprocessor to be introduced. 
Although National Semiconductor has 
not made any significant improvements 
in the chip itself, the price has improved 
considerably. From an initial figure of 
nearly $200 (in 100 quantity), the price 
has recently fallen to only $20. 

Speaking of price reductions, the 
CP1600 processor by General Instru
ments has been recently repriced at $8! 
The architecture is somewhat strange 
but the price is hard to beat and it is a 
16-bit device. 

Another 16-bit processor which has 
been rumored for awhile is now avail
able. It is the 9900 from Texas Instru
ments. This IC is unique in many re
spects. Most striking is the 64-pin pack
age which looks more like a small print
ed circuit board with leads than a ceram-
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ic IC. The instruction set in many ways 
resembles that of a DEC PDP-11, a very 
popular minicomputer. An interesting 
design innovation is that the " registers" 
are not in the CPU but are in regular 
read-write memory. Another feature is 
the inclusion of real multiply and divide 
instructions which take only about 20 mi
croseconds to execute. The standard 
9900 requires a 16-bit wide memory but 
a "soon-to-be-introduced" version (the 
9980) can work with an 8-bit data bus 
and memory while retaining the same 
extensive 16-bit instruction set. This 
means that CPU boards using the 9980 
might be compatible with the S-100 bus 
structure. The 9980 will also be pack
aged in a more conventional 40-lead 
package. 

Bipolar Bit Slices. While not really 
microprocessor chips, the bipolar bit 
slices are building blocks that can be 
used to design custom computers and 
instruction sets with much less effort and 
far fewer parts than would be required 
with standard logic. Since they are made 
with high-speed Schottky transistors 
rather than MOS transistors , the speed 
of a system constructed with bipolar 
slices is much greater. Major innova
tions in this area are sharply lower 
prices and the availability of 4-bit wide 
units along with a host of support chips. 
Of significance to the hobbyist is the fact 
that a couple of hobbyist manufacturers 
are readying CPU boards made with the 
bit slices. These will be compatible with 
the S-100 bus and immediately provide 
the user with a vastly superior CPU 
while still using the rest of the existing 
system. Since the bit slices are micro
programmed, it is possible that a stand
ard feature would be an emulation mode 
in which the instruction set of a popular 
microprocessor such as the 8080 would 
be recognized as well as the improved 
instruction set offered with the new 
CPU. 

Bipolar bit slices will probably also 
show up in specialized floating-point 
arithmetic units. The purpose of these is 
to execute the arithmetic operations 
needed by BASIC language systems 
much faster than typical software rou
tines do. 

If the past is any indication, new mi
croprocessor developments will contin
ue to be made at an ever accelerating 
pace. 

Correction. In last month's column, 
the price of the Heathkit H9 CRT termi
nal was given as $350. It should have 
been $530. o 
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6460 West Cortland Avenue 
Chicago, Illinois 60635 • 312/889-9087 
In Canada : Atlas Electronics, Toronto 

B&K-PRECISION MODEL 1801 $240 

• 	For laboratory, production line 
or maintenance applications 

• 	Automatic ranging, 20 Hz to 
40 MHz is guaranteed ... readout 
to 60 MHz is typical 

• 	TIL circuitry updates the six
digit display five times per 
second 

• 	Resolution to 1 Hz obtained by 
suppressing digits above 1 MHz 
when switching to 1 SEC mode 

MHz display of 


3.579548 MHz input (AUTO mode) 


L. 
,- -, ,-, C I I 1-1 • 

:1 I -, . -1 -, 0 

KHz display of overflow of 
3.579548 NIHz input (1 SEC mode) 

•Available for immediate delivery, 
from local B&K-PRECISION 
distributors 

• 10-day free trial offer 
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Put Professional Knowledge and a 

COLLEGE DEGREE 

in your Electronics Career through 

HOME 

STUDY 


Earn Your 

DEGREE 
by correspondence, while continuing your 
present job. No commuting to class. Study 
at your own pace. Learn from complete and 
explicit lesson materials, with additional 
assistance from our home-study instructors. 
Advance as fast as you wish, but take all the 
time you need to master each topic. Profit 
from, and enjoy, the advantages of directed 
but self-paced home study. 

The Grantham electronics degree pro
gram begins with basics, leads first to the 
A.S.E.T. degree, and then to the B.S .E.E. 
degree. Our free bulletin gives complete 
details of the program itself, the degrees 
awarded, the requirements for each degree, 
and how to enroll. Write for Bulletin E-77. 

Grantham College of Engineering 

2000 Stoner Avenue 


P. 0. Box 25992 

Los Angeles, CA 90025 


Worldwide Career Training thru Home Study 
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Bui Id a high-qual
ity, multi-element 
stereo speaker 
with this and a 

staple gun and save up to 50% 
over the cost of ready-built 

speakers. No cabinetry. No soldering. 

Just affordable quality with a few hours 

work. Send for our free 48-page catalog

manual if you think you could handle it .
•...............................•• 


: I can handle it. PE-E: 
: Send me my free 48-page catalog-manual.:. . 

:NAME : 

:~AD~D~R~E=s=s~~~~~~~~~~-· 
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PUBLICATIONS 

AN AMAZING amount of excellent 
printed material relating to interna

tional radio is available, once you know 
how to get it. Most of it you would never 
find, no matter how long you looked, 
even in the largest libraries. It's pro
duced by enthusiastic individuals, with 
expertise in their specialties, even 
though they are nonprofessionals. 
Here's a selection of such publications, 
and how to get them. 

Review of International Broadcasting 
is a monthly magazine in which listeners 
exchange views on programming. It fills 
the vacuum left by most DX clubs, which 
emphasize picking up stations, rather 
than listening to their programming
which, after all, is the reason stations 
broadcast. Sample, 50¢ or 12 issues for 
$6.00 from Glenn Hauser, WUOT, Uni
versity of Tennessee, 245 C&E Bldg., 
Knoxville , TN 37916. 

Down Under DX Survey, a quarterly, 
mimeographed bulletin, concentrates on 
Asian stations, with extensive band sur
veys, special reports, etc. Only active 
contributors may join the group, but any
one may order individual issues, for 6 
IRC's (International Reply Coupons) 
from Down Under DX Circle, 7 Donald 
Road, Burwood, Victoria, Australia 
3125 . 

Far Eastern DX Review is a similar 
bulletin compiled by four Japanese ex
perts (in English), but is monthly and 
Xeroxed. Samples are 8 IRC's or $2. A 
year by air is $20, or by surface mail, 
$15, from Japanese Association of 
DXers, Box 1766 Tokyo Central, Tokyo 
100-91, Japan. 

Russian Reporting Guide is a sepa
rate JADX publication, available for 4 
IRC's from the address above. Claims to 
be "the most detailed guide for reporting 
in Russian and for understanding do
mestic services in the USSR." 

USSR High-Frequency Broadcast 
Newsletter provides otherwise hard-to
ge! schedules of Soviet transmissions 
based on monitoring : including educat
ed guesses on the transmitter sites actu
ally used, contradicting official informa-

DX 
Listening 

By Glenn Hauser 

lion from the USSR itself. Sample for 
SASE, or 12 issues of the approximately 
monthly publication for only $3, from Ro
ger Legge, Box 232, Mclean, VA 
22101 . 

World Broadcasting Information is a 
weekly compilation of schedules, and 
monitored developments in broadcast
ing, by and for professionals, but avail
able to individual subscribers. Costs 
vary around $60 per year, but a free 
sample is offered from: Organiser, News 
& Publications, BBC Monitoring Service, · 
Caversham Park, Reading, England. 

DX Information Service Catalog is 
free from Radio Nederland, Box 222, 
Hilversum, Holland. Lists free technical 
courses, antenna booklets, etc. 

Mail-a-Prop is a two-page fortnightly 
summary of propagation condition pre
dictions, compiled by George Jacobs, 
primarily for amateurs, but also can be 
applied by listeners to other bands. 
Sample and rates from Mail-a-Prop, Box 
86, Northport, NY 11768. 

SPEEDX Utility Guide attempts to do 
for nonbroadcast listening what the 
World Radio-TV Handbook does for 
broadcasting. This year's edition is 
$6.95 from SPEEDX, Box E, Elsinore, 
CA92330. 

Listen to the World on Shortwave
Ask Met Red and white vinyl bumper 
stickers are also available from 
SPEEDX, at 50¢ each. 

Handler Enterprises, P.O. Drawer CC, 
Northfield, 1160093, offers a free catalog 
of its reasonably priced station lists, pri
marily of military and government utility 
stations, difficult to obtain elsewhere . 

GILFER Associates provides a num
ber of books about aspects of DX listen
ing, and a line of equipment. Ask for cat
alog. GILFER, Box 239, Park Ridge, NJ 
07656. 

National Radio Club provides exten
sive reprints of technical and nontechni
cal articles dealing with mediumwave re
ception and gear; for a list, send an 
SASE to NRC Publications Center, Box 
401, Gales Ferry, CT 06335. 

Worldwide TV-FM DX Association 
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does the same with articles on vhf/uhf 
reception and equipment. Ask for a cata
log from WTFDA Reprint Service, Box 
202, Whiting, IN 46394. 

ANARC Directory of DX Club Publica
tions extends even further the list given 
here. Send a #10 SASE with 24¢ post
age to Association of North American 
Radio Clubs, 557 N. Madison Ave. , Pa
sadena, CA 91101. 

EDXC List of 600 DX Publications of 
the World is available for 5 IRC's from 
European DX Council , Box 250325, 
D-4630 Bochum, German Federal Re
public. 

International Broadcast Institute pub
lishes case studies of broadcasting in 
different countries, intended for schol
ars, but may be of interest to the serious 
DX listener. Ask for a list of publications 
available, from IBI, Tavistock House 
East, Tavistock Square, London, WC1 H 
9LG, England. 

Comings & Goings. South Africa's 
Radio Five, the successor to Mozam
bique's "LM Radio", planned to come up 
in August via two new 100-kW short
wave transmitters, probably using 31 or 
41 m in the daytimes, and 75m at night. 
Meanwhile, the international service, 
Radio RSA is overhatJling its four 250
kW transmitters and replacing them with 
three 500-kW senders. 

Radio Voice of the Gospel, a Lutheran 
station in Ethiopia, was nationalized in 
March, and renamed Radio Voice of 
Revolutionary Ethiopia. The latest 
schedule we have shows the only fre
quencies in use to be 6015 and 7180 
kHz, opening at 1300 GMT in Somali, 
when they should be audible in western 
North America via long path, but not dur
ing the English program at 1630. 

Both Vatican Radio in Italy for the 
Catholics, and HCJB in · Ecuador for the 
Evangelical Protestants, are installing 
500-kW transmitters and gigantic rotat
able antennas to improve their outreach . 

Australia is planning a new domestic 
shortwave seNice for its Northern Terri
tory, transmitted both from Darwin, and 
from Adelaide, South Australia. Also, 
$63 million (Australian) has been appro
priated to modernize Radio Australia 
overseas transmitters in Victoria, and 
further expansion on the west coast is 
also being considered including be
tween Australia and overseas. 

Radio Nacional Brasilia abruptly sus
pended its international seNice in mid
June, citing technical reasons. The rea
sons were really political, however. The 
Brazilian government couldn't wait until 
next year when RNB is slated to get five 
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l:he Al~meric~ 
Wide fieceiveP 

DRAKESPR-4 
Short Wave Receiver 

•Direct Frequency Dialing •All Solid State 
•Programmable Coverage• FET Circuitry 
A general purpose receiver, the SPR-4 may 

be programmed to suit any interest: SWL, 

Amateur, Laboratory, Broadcast, Marine 

Radio, etc. Freq. Coverage: 150-500 KHz 

plus any (23) 500 KHz ranges, .500 to 30 MHz. 


FEATURES:• Linear dia l with 1 KHz read

out • 4-pole crystal filter in first IF 

• 4-pole LC filter in second IF • Three 

bandwidths : 0.4 KHz, 2.4 KHz, and 4.8 KHz 

for: CW, SSB, AM • Superior cross

modulation and overload performance 

• Power: 120 VAC, 220 VAC, or 12 VDC 
•Crystals supplied for LW, BC and seven SW 

bands • Built-In speaker• Notch Filter. 
 - ..

I Wersi Electronics, Inc. 	 IACCESSORIES: 100 KHz calibrator, noise 

blanker, DC power cord, loop antenna. crys
 I Dept.42, Box 5318 	 I 
tals for other ranges. I 	1720 Hempstead Road I 

Lancaster, PA 1760!
I 	 I~~;a~~"'c~~t~ct I~ ltHtMi'® I Enclosed is $2.00 for my copy of your 104 page catalog. I 

R. L. DRAKE COMPANY I 	 I 
I Name 	 I540 Richard St .. Miamisburg , Ohio 45342 , 

Phone: (513) 866-2421 • Telex: 288-017 I Address I 
I City State --- Zip __ I 
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• Can Bt• Used ll'i1/J ·Vidt•o Tapt• 
/'faybuck Equipment.' 

WE HA VE RECEIVED THOUSANDS OF INQUIRIES! 
YOU REQUESTED PLANS FOR A BIG SCREEN TV THAT WOULD: 
utilize any portable TV as an image source - require a minimum of floor space 
- be a beautiful piece of furniture. 

NOW  EXTRON IS HAPPY TO ANNOUNCE 

THE NEWLIFESCREEN // 
The LIFESCREEN wat designed for the Do-It-Yourself enthusiest who wishes to 
have th e enjoyment end 011.citement of a professional Big Screen TV - but refuses 
to pay the $1500 to S4000 that most manufacturers charge for this luxury. 

FACTS 
The special LIFESCREEN • lens and Front Surface mirror supplied by Extron 
a1e the same type used by major Big Screen TV manufacturers (Sony, Muntz, 
etc.I. THESE PROFESSIONAL COMPONENTS SHOULD NOT BE CONFUSED 
WITH THE CHEAP PLASTIC MAGNIFYING IMITATIONS NOW FLOODING 
THE MARKET BECAUSE OF THE POPULARITY OF BIG SCREEN TV. 

The EXTRON TV Scr1ten - the same used by the major Big Screen TV manufac· 
tureu - is 16 TIMES BR IGHTER thtn a flat matte surface and 6 TIMES 
BRIGHTER than most flat beaded moYie screem. tu parabolic shape rejecu 
e:ittraneou1 light, concen tr ating a highly efficient and directionally selectiYe 
television image that is e:itceptionally sharp and colorful. 

THE ORIGINAL 
LI FESCREEN I 

~~~~~~~~ LIFESCREEN ti 1111uPOl~M l ~A~~~1~51;-,ETE LIF~~~~~~NEl: The INOEPENDE~T projection 1ynem $. ,, 01 1 sui· ~lY P11«t1ClEllO ! ' H.~ ro // UILO . that can be used with ANY SIZE icreon 
11 

The SELF-CONTAINED internal projection rtt.AI:.\: 1111'.' 1; :'\.. 1111 '1. U.C'TH.llS I< up to 80" Diagonal - one of the many 269 
NO .\I'/ . ( 1~~~· [~~,,!~·UJf l lJ(/;'/) reasons for its tremendous rncceu.TV that will utilize any tra nsistor portable TV $299 1

TV nor mclud<'<i COMPONEN T LIST 

floor space - fits neatly against any wall . 
(12" to 19") . . requires only 2 x 4 feet of 

I M-1 of LJFESCREEN I Plons 
THE EVERYTHING GUARANTEE I Sharp IJ"' Model 11A11 Colar TV or 

EXTRON GUARANTEES EVERYTHING: THE PROFESSIONAL Sony 15"~/odt>IKV/54/RCnlorTV. 
an<.J lends its beauty to the decor of any room. 

COM/'ON /iNT LIST QUALITY ACCURACY OF DESCRIPTION AVAILABILITY AN O I LIFESCRJ:.£1\' I.ens 
l set of LJFJ-:SCREl:'N ll Plans PROMPT DELIVERY O F COMPONENTS oE:SCRIBED IN THIS AO. I ~~f':~·g~J:"HN Front Surface Mirror, 
J Porta/Jle transistor Color TV(/]" 10 19") 
I LlFl:'SCR EEN Lt·11s If, after building your LI FESCREEN PROJECTION SYSTEM, you I EXTRON LS SO Screen 11"x40"'/50" 

are not satisfied for any reason, return all components to EXT RON, Diagonal. 


8 "x/O" and om• 14 -f:. ":r 20". 

2 LJFESCREEN Front Sur/on> Mirrors: 0 11e 

8831 Sunset Boulevard, West Hollywood, ~alifornia for instant LARGER SCREENS can be oidered 
refund of the purchase price. through EXTRON (67"' or 80" Diag.)I l:'XTUON LS 50Scret•n, J2":r40"'/50" Diag. 

0 PLEASE RUSH ME ONE COMPLETE SET OF LIHSCREEN I PLANS . .. @ '9.00 ~ EXTRON LIFESCREEN@ PROJECTION SYSTEM 
0 PLEASE RUSH ME ONE COMPLETE SET OF LiFESCREEN II PLANS . @ S9.00 8831 Sunset Boulevard, 

West Hollywood, California 90069 
PLEASE ALSO SEND ME THE ITEMS CHECKED BELOWo 

. . @Sl S0.00 Name_________________ 
0 LIFE.SCREEN LE NS. 
0 UFESCREEN FRONT SURFACE MIRROR , 8" :it 10"' . @S20.00 Address ________________ 

0 LIFE.SCREEN FRONT SURFAC E MIRROR, 14.Y.:" :it 20" ::::!~:~ City ______~_State___Zip ____ 
0 EX TRON LS 50 SC REE N 32" x 40 " /50 " Diagonal . 

. . .... . . @ $ _QQ CARD NAME _______________ 
D COMPLETE LIFESCREEN I PACKAGE. 269

D COMP LET E LIFESCREEN II PACKAGE . . . . @ $299.00 ~c;A~R::_D.:::N~u·:::•s:,::•,:=;;--;:;;;:;;;;:::;--Oii;;iiiii EXPR. DATE___ 


,.ti/ Prius F.O.B. faetory - Cal. residenrs add 6% sales tax. TOTAL $ ----1li::.•N:.::F~O:.:;P,:A_::K.:_;S:_::O~o l • m 
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new transmitters. It decided instead to 
take RNB off the air so its one transmit
ter could be used for domestic broad
casts into Amazonia-where foreign 
broadcasts have been dominating the 
airwaves. No date of return was given, 
and there was a note of sadness in an
nouncer John Morris's voice. We'll cer
tainly miss this friendly, soft-line station. 

But another friendly Latin American 
station made a comeback in June-
Radio Clarin, from the Dominican Re
public. They've had power supply prob
lems for their 50-kW transmitter on 
11700 kHz. Rudy Espinal , host of the 
English program at 2330 GMT, on his 

first day back on the air, intimated that 
the time would be changed, or there 
would be an additional broadcast at a 
more convenient hour for Europe. 

BBC's Far Eastern Station is moving 
from Malaysia across the Straits to Sin
gapore. As the move is in phases, for a 
time BBC will be broadcasting from both 
countries, and not telling us which fre
quency is from which. 

WYFR is also moving, from Massa
chusetts to Florida, near Lake Okeecho
bee, where there's more room for ex
pansion; they too will be broadcasting 
fmm both locations until the move is 
complete. <> 

At last! A digital counter every 
CB'er/Hobbyist can afford. Exclu
sive transmitter-Keyed " sniffer" 
circuit activates counter only on 
transmit, giving accurate readou t of 
channel frequency. Standard coax 
connectors and mounting brackets 
make mobile installation a snap. IC 
Digital circuitry. Freq . range : 5 Hz
27 MHz (all 40 CB channels) Ac
curacy: ±1 PPM ±1 Digit. Read
out: Five 0.5" LED Displays; 10 
MHz crystal oscillator KHz/MHz 
Timebase switch ; Compact design : 
23/a"H x 6Ya "W SK/'D. Assembled 
$99.95 

FREE '78 EICO CATALOG 
Check reade r service card or send 75¢ 
for first c lass ma il. See your local EIGO 
De al e r or cal l (212) 272-1 134, 9:00 
a .m.-5: 00 p.m. EST. Ma jor c redit cards 
accepted . 

~~~~kj;~, 3N~:.l~~~~7 1fl#{ip; 
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SAV E! 
MONEY • TIME • FREIGHT 
~QUALITY STEREO EQUIPMENT 

- 'AT LOWEST PRICES. 

~YOUR REQUEST FOR QUOT A
-' TION RETURNED SAM E DAY . 
~FACTORY SEALED CARTONS
-' GUARANTEED AND INSURED . 

~SAVE ON NAME BRANDS LIKE : 
- I A.D .C. KLH 

A.R. SHURE 
DYNACO KO~ 

SONY FISHER 
PIONEER 

AND MORE THAN 50 OTHERS 
BUY THE MODERN WAY 

BY MAIL-FROM 

·11·iQ_,I lftOll GuvlO 
Depa rtment 217S 
12 East Delaware 

Chicago, Illinois 6061 1 

ENGLISH-LANGUAGE SHORTWAVE BROADCASTS FOR SEPT. &OCT. 
bY Richard E. wood 

312-664-0020 
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6:28 a.m..8:00 p.m: 

7 :00·7 :25 a.m. 
1:00·9 :QQ a.m. 

Z:00· 10:00 a.m. 
·8:00-8 :30 a.m. 
8:00·8:55 a.m. 
8:l0·8:30 a.m. 
8!15-8:30 a.m. 

8:309:00 a.m. 
8;30·9 :20 a.m. 

8:30-11 :30 a.m. 
~ ;00·9 : 25 a.m. 
9:00·9:30 a.m. 

9:15·9:45 a.m. 
10:00-10 :15 a.tn. 
10:00·10:30 a.m. 
11:00a.m.· 12 ·noon 

11 :15-11 :30 a.fl) . 
12 noon·12 :15 p.m. 

12p oon-12: 30 p.rn. 
12:0412:56 p.m. 

12:15-1 :09 p.m. 
12:42·12 :50 p.m. 

12 :45-1 :00 p:n\ . 
1 :004:00 p.rn.• 
2:00·2:30 p.m. 

2:50-4 :00 p:m. 
3:00·3:30 P·ITI · 

3:00-6:00 p.fl). 
3:3,04:00 p.m. 

I' 

..Montreal, Canada 
t (Northern Service) 

1100· 112 5 Tirana. Albania 
1100-1300 

l1100- 1400 
12001230 
1200·1255 
1210-1230 
1215-1230 

1 ~ VOA, Wastt,iogton, USA 
Jerusalem. Israel 
Peking, China 
0 Santiago, Chile 
Athens, Greece 
HCJB, Quito, Ecuador 

1230-1300 Stockholm, Sweden 
1230·1320 , J,1an1World.Radlo, ,

1 

Bonaire, N.A. 
1230-1630 · HCJB, Quito, Ecuado r 

· 1300-1325 Helsinki, Finland , 1 
1300-1330 London , England •. 1 

~ 1315-1345 
J1400-1415 

1400·1430 
1500-1600 

Berne, Switzerland 
..Mont rea l; Canada 
Stockholm; Sweden 
London, England 

1515· 1530 Athens, Greece 
1600-1615 London, England 

1600-1630 Oslo, Norway 
1604-1656 '"Paris, France 
. . ! :> 

161 5-1709 London,-England 
1642-165 0 Hilversum, Holland 

1645· 1700 ' '•Montreal, Canada "" 
17002000 · ..Kuwait , Kuwait 
1800· 1830 •• Montreal. ~anada 

f•Kampala, U~anda 
18502000 ..Abidjan, Ivory Coas1

j 1900-1930 °Montreal,'Can.ada 
l ' ...Tehran Iran 
. 1900·2200 t • •Jeddah: S!m~i Arabia 
1 1930-2000 ! ..Montreal, Canada ' 

~ ..Baghdad, "irl1q
i 2000-2030 ~ Jerusalem, Israel 

I 
I 
I 

{ 2000-2100 r Accra, Ghana 
2000-2120 •• Hilversum, Ho lland 
20302100 f "'Monrreal, Canada 

1 20502150 r "*i'.lavana, lluba
j 2100-2150 t..Johannesliurg, S. Africa l 

211 5·2200 tLo ndon. Engla~~ . j 
----~-~.... . ,,,.... ' •• j 
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The first and only lab accuracy por
table DMM Kit featuring MOS/LSI 
IC economy and reliability. Mea
sures DC/AC Volts, Kilohms, DC/ 
AC milliamps in 21 ranges . Polarity 
indicators and overload protection 
are provided, and 0.5 inch LED dis
plays give easiest-to-read digital 
readout to 1999. The 270 features a 
basic 0.5% DC accuracy, 10 Meg
ohm input impedance, low voltage 
drop in all current ranges and auto
matically-flashing overrange indi
cator. Assembled $109.95 

FREE '78 EICO CATALOG 
Check reader service card or send 75¢ 
for first class mail. See your local EIGO 
Dealer or ca ll (212) 272-1134, 9:00 
a.m.-5:00 p.m. EST. Major credit cards 
accepted. 
EIC0-283 Malta St., @f//BIp;
Brooklyn, N.Y. 11207 li... 
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SCISSORS. 

ING SUPPLIES . 

MENTS ...TWEEZERS .. . VIEWERS 

. . VISES .. . WRENCHES .. 

ADH~"~il C3$e .ABRAs1vEs .. 

~~ G .. . BOOKS 

t952r. ~1Sl7 LIMATDRS 
e ........ l e .EPOXIES . 

~--. ...... 
'.'i,~ S-'"' .CALIPERS . 

National Camera 
2000 Wc-.1r Union Awe-. Oepl 
En9lewoorl,Colo, U.S.A. 80110 
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COMPUTER/ CONTROLLER 
An exceptional price on an 
applications oriented 6503 based 

micro-processor system 

THE IDEAL, LOW COST SOLUTION TO IMPLEMENTING 
THOSE WILD COMPUTER BASED CONTROL SYSTEMS 
YOU'VE BEEN DREAMING OF! 

PAIA software currently available or under 
development includes: Music synthesizer 
interface; Home applications package including: 
multi-zone fire/burglar alarm, real time clock, 
energy saving heat/air conditioning control, 
computer generated ''door-bell"; Model roalroad 
controller and more...... . .. ....... .. . . 

Now! Write and run machine language programs at 
home plus design circuits using a microprocessor! 

microprocessorI 
·minicomputer 

ELFil 

sgggs 

---- SEND TODAY -----, 
NETRONICS R&D LTD., Dept. PE97 
Phone (203) 354-9375 
333 Litchfield Road, New Milford , CT 06776 
Yes! I want to run programs at home and have 
enclosed: D $99.95 plus $3 p&h for ELF II kit. 
Featured in POPULAR ELECTRONICS. In
cluding all components plus everything needed 
to write and run machine language programs
plus the new Pixie ch ip that lets you display 
video graphics on your TV screen. Designed for 
engineers, students and hobbyists who need 
training in computer programming and micro
processor circuit design . Features RCA 1802 
COSMAC COS/ MOS 8-bit microprocessor ad
dressable to 64k bytes, 256 byte RAM, full hex 
keyboard, two hex-digit output display , crystal 
clock for timing applications and double-sided 
plated-through pc circuit board . Requires 6.3 
VAC transformer. Optional 5 card expansion 
bus (Jess connectors) for memory expansion, 
cassette I / 0, A to D and D to A converters, 
PROM and a host of other I / O's. Manual ·in
cludes instructions for assembly, testing, pro
gramming, video graphics and games plus how 
to receive ELF Users' Club bulletins. 
D $149.95 plus $3 for ELF II wired & tested. 
(Includes 6.3 V AC power supply and RCA 1802 
User's Manual.) 
D $5.00 for RCA 1802 User's Manual. 
Connecticut residents please add sales tax. 
NAME._______________ 

ADDRESS_____________ 

CITY____STATE____~IP___ 

D Send me information on your other kits!L---------------l 
SEPTEMBER 1977 
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Use Quick-Wedge to fasten 
leads, wire in panelights, 
connect test equipment, 
install components 

'It ,, 9 " 
Ji j1 'rr 

~ ~ ~ 

They do all that ordinary 
screwdrivers do, PLUS they 
hold and start the screw 

~;;;
QUICll-UIEDGE 17 sizes 

Screw-holding screwdrivers 
Unconditionally guaranteed. 
BUY A SET TODAY 
See your dealer or write to: 
Kedman Company, P.O. Box 25667, 
Salt Lake City, Utah 84125 

CIRCLE NO. 36 ON FREE INFORMATION CARD 

You can build a better 
organ than you can buy! 

A magnificent Schober Electronic Organ 
What a marvelous way to put your special 

talents to work! With our Schober Electronic Organ 
Kits and your skill, you can build yourself some 
very special satisfaction, and a lifetime of great 
music ! 

Schober Organs are literally far superior to 
comparably-priced " ready-made" units. You could 
actually pay twice as much and get no better organ 
... and miss the fun of assembling it yourself. A PC 
board at a time, component by component, you 'll 
assemble your own " king of instruments:· And 
when you're done. you 'll wish there was more to 
do. And there is! For then. Schober will help you 
learn to play, even if you've never played a note 
before! 

Schober Organ Kits range from $650 to 
$2850, and you can purchase in sections to spread 
costs out ... or have two-year time payments. 

Just send the coupon for the fascinating 
Schober color catalog (or enclose $1 for a record 
that lets you hear as well as see Schober quality.) 

I The ,<}Jc/wk, Organ Corp., Dept. PE-72 I-------------------· 
I 43 West 61st Street, New York, N .Y. 10023 I 
I 0 Please send me Schober Organ Catalog. I 
I C Enclosed please find S1 .00 for 12-inch L.P.1 
I record of Schober Organ music. I 
I I 
I NAME I 
I ADDRESS I
I I 
I CITY STATE . ZIP I 
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} 
_London. England G ; 6.12 (via Sackville), 6.175 (via Antigua), 

~ 9.51 (via Sackville; from 0030, via 
jGreenville). 9.58 (from0030, via Ascension) 

G : 15.105 
G n 1.83, 11.895, 15.40 
G 19:635. 9.7~,, 1 2 .05, 15.14, 15.18, 15.445 
G ~ 9.61, 11 .69: 15.10· 
G t G.095, 9:56, 11.915 
G blS.105 :" '<IC 

' G Hf:s35, 9J8, 12.05, 15.14, 
i1.5A55 ~.; , 

F ui.s.425. 1f99 
G ; 15.32, 17.795 
G ~ ~.065, 11.88 (exc. Sun.I 

~ 6.195, 9.566, 11.8 1, 15.15 
G _9.635, 9.78. 11.86, 12.05, 15.14, 15.455 
G ' 15.195, 15.42, 17.725, 17.825 
G . 9.635, 9.735, 9.78, 11.86. 12 .05 , 

; 15.14, )5.455 
0230-0300 : Stockholm. Sweden p ~ 6.115 , 9.695 

0300-0315 i Tokyo, Japan G ' 15.105 
0300·0330 •.~iev, U:S.S.R. G : 9.58, 9.635. 9.78, 11.86 

1Montreal, Canada G [ 5.g6, 6.00, 9,605, 9.655 
t Moscow, LJ.S.S.•R. G ; 9.735, 12.05, 15.455 ' 

0300-0350 UTal.pei, Taiwan . ll G wl1.825. 15.345. 17.89 
0300-0355 ', Pek.ing, China G i7.12 lviaTirana) 9.46, 9. 78 (via Tiran~). 

, '"fY., 1'1 1.65, )2.055 , 15.06, 17 .53'};?,':' 

0300-0420 ° Johannesburg, s:Africa I ' 5.98, 7.27, 

0310-0330 " Santiago, Chile 1 ~ 6. 195, ,9 : 566, 11.81, 15.15 

0320-0425 "'TIFC, San Jose, Costa j j 5.055, 6,035, 9.645, (opens 0300 Sat., Sun.) 


Rica 
0322-0328 < Erevan, U.S.S.R. G : 9.54, 11 .69, 11.75, 15.14 

' (Sat./Tue./Wed./Fri.) 
0330-0415 ; Berlin, Ger:.Qem. Rep. p 5.955, 6.08, 9.73 
0330-0430 Moscow, U.S.S.R. G [ 6.03, 6.07, 6.15, 6.185. 7.13, 7.175,

' 9.58, 9.635, 9.735, 9.78 
0330-0500 i London, England j G i 6.175 (via Ant igua) 
0400·0415 ' Tokyo, Japan j G ;. 9.505 . 
0400-0430 ,, Oslq, Norway ' ~ 11..87 (Sun.) 

~ Bu,~apest, Hungary 6.00 , 7.2 15, 9.585, 11.91j 
~. : • ' . ·~-- i ! (Tue., Fri.) 
~ Mo_ntreal, Canada G ' 5.96, 9,655 

0400-0455 ;:Peking, C,hii,la , ·. G i n . 65 , .1i.0~5 . 15.06, 17 .53 
0430-0500 DBerne, Switzetland f G ~ 6.045; 9)25 

~ vie'nna. Allst;ia l p : 6.015. rstl.fia , Bulgaria G ~ 7.115, (alternate 9.70. 9.53 ) 
0430·0730 i M~~,cow, LJ .S.S.R. I G : 6.03,6.07~ 6.15. 6. 185, 7.13, 7.175,

l !.29, 9.Ji8, 9.635, 9.735l 
I F j 5.90. 7.4125, 9.63. 9.82. 11.96, 12.045 
! G l 9.505 . 
I F ' 6.025, 11.935 
l G 6.165, 9.715, (via Bonaire)t 

G 6.175~ 9.51, (both via Antigua)I 
G . 6.105, 9._54I G !5.96 (via AntiQua)! 

! 6.10 (via Malta). 6.185, 9.545.i [ 9:625 (via Montserrat)
I 

G ~-595 ~· • t i p11:00·ll :30 p,m. ~'1 0600-0630 1•0s[o. Norway . _ . j ~~:645, 1. 1':8~ (Sun.) · 
11:00 p.m.· 12 mdt ~ ""~ 0600-0700 ~ Buenos A,[res, Argentina l G , 9,69 (Mon,-Fr1.) 
11 :25 p.m.· 1:55 a.i:n.: 00625-0855 f ..Kuala Lumpur, Malaysia l G !9.i5, 15.29, 
11:30 p.m.-12 :30 a.m:,1 0630-0730 i London:-England · j G f'6:175 (via Antigua) 
11:30 p.m.-12:50 a.m.J 0630-0750 . ••Hiiversum; Holland J G ; 9.63 (liia Bonaire)t 
11 :30p.rn.·1:00 a. rn .·~ 0630-0800 ; fjavana, Cuba · · J G ; 9.525 
12:00-12:15 a.m. 10700-0715 po~yo, Japan ' G !9.505 
12:00-3:30 a.m. ' :~ 0700·1030 ; ."'flellington, New ' G \ 6.105 

i )<- Zealand 
1:00-·1:15 a.m. j 0800-0815 f Tokyo, Japan , G i 9.505 
1:00-3:00 a.rn~ 1 0800-1000 ' Manila, Philippines (V OP) ·l F t11.85 
1:op:oo,a.rn. , ~ 0800-1400 ~ ·Port Moresby, l G )' 4.89 

., ~ Papu~· New Guinea j ?'' 
0900·0915 f Td~y9, Japan •I G ts..fi05 
0930-0950 r~go, C_hile ·l G C6:1~5 , ,9 .566 11.81 

woo-1030 To~,vo: J~~an j 1 
G 0~ 99 ' , 

1000· 1.0.50 R1:l'~gyan_g, . Oern, P. ' "· ~ G ~:J'.1203f§wL_.
Rep. ,Korea'' ·\ 

1050-1.110 tia,g£,_,Chile'~ j G • f 6'.195,.!Ji~, 1l V, 

' Reception quality, East Coast (West Coast) loca ti on : G-good, F-lair, P-poo r 
·" Not intended for North Ameri ca, but receivabl e sa t is fac torily 
tAs ol November, Radio Nede rland, Hilversum, will re duce duration of 
English broadcasts from current 100 minutes to 50 minu les. So me starti ng 
tim es may change . 
Days refer to local date in ta rget area. 

5:00·5 :15 p.p. , 
5:0Q-6:00 p.m. 
5:30-6:00 p.m. 

6:00-7:00 p.m. 
6:00-8:00 p.m. 
6:00-9 :00 p.m. 
6:10-6:3.0 p.m. 
6:30-7 :00 p.m. 
6:30-7:30 p.m. 
7:00-8:00 p.m. 

7:30-8 :00 p.m. 
8:00-8:15 p:m. 
8:00-8:30 p.m . . 

8:00·8:50 p:IJ1 . 
8:00-8 :55 p.m. 

. ''~" . 
8:00'.9:20 p:,;;: 
8:10-0:39 p'.m., 
8:20-9:25 P:.111 · 

8:22-8 :28 p.m. 

8:30-9:15 p'.m. 
8:30-9:30 p.m. 

8:30,10 :00 ~ .rn . 

9:00·9:15 p.m , 
9:00-9:30 p.rn. 
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WRITE US NOW FOR LOWEST PRICE QUOTE 

WRITE SHOP BY PHONE! 
OR CALL (212) 253-8888 

N .Y. TIME 
9-5 MON. THAU SAT. 

For FREE 
STEREO 

Mastercharge/BankamericardPRICE CATALOG 
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Operation Assist 

If you need 1nfo rma 1ton o n ou tda ted or ra re 

equipment-a schema tic. parts fi st . etc.-an other read er 
might be able to assist. Simply send a postcard to Opera
tion Assist. PO PULAR ELECTRONICS. 1 Park Ave.. New York . 
NY T0016 For those who can he lp readers. please re
spond directly to them They"/! appreciate It. (Only those 
lfems regarding equipment not available from normal 
sources are published.) 

United States Radio and TV Corp. "Neutrodyne" electric 
receiver (chassis 41- circa 1920's} . Schematic diagram and 
parts list. John C. Whybrew. Box 387, Upland. IN 46989. 

Heathkit Model 05 oscilloscope . Need service manual or any 
repair information. Andy Foremiak, Box 224, North Tonawan
da, NY 14120. 

Zenith combination AM, FM100, FM45 and 78 record player 
(chassis #8C21 ). Schematics and parts list or service manu
al. Dennis Main, Rt. 6, Box 218, Muncie, IN 47302. 

Paco Model S-50 push-pull oscilloscope. Schematics and/or 
parts source. G. Denman. Rt. 3 Box 164, Grapeland, TX 
75844 . 

Standard Model SR-500U AM/FM stereo receiver. Need 
H-203 IC (Sanyo part number LO 3141). William F. Gerdes, 
732 Bowen St. , Oshkosh, WI. 54901. 

Waterman Model S-14-B oscilloscope. Manual or schematic. 
Xam Mark 2TA solid-state stereo.amplifier. Output transistor 
number and/ or schematic. John Schmitt. Jr.. 16 Carlson 
Parl<way, Cedar Grove, NJ 07009. 

Weston Model 802 VU meter. Need source to match re
placement in Dumont 137-P mixer. Rich Adams, 2303 Du
laire Rd .. Greensboro, NC 27407. 

Tektronix Type 315R oscilloscope. Schematic and/or oper
ation manual. Tom Ramos, 281315th Ave. So.. Minneapolis, 
MN 55407. 

Bradford Model 51847 multiband portable radio. Schematic 
and/or service manual. Rex Faulkner. 2677 Estelle Ct .. 
Smyrna, GA 30080. 

Friden Model 130 calculator, Triumph Model 850 oscillo
graph, Superior Instruments Model TV-50A "Genometer" 
signal generator. Lear vhf-If receiver, LRA-6A If receiver and 
RT-10E transmitter, and Omnirange Model 2214A convert
er. Schematics, operation manuals and seivice information. 
James Marple, 2801 Sequoia Ln.. Arlington, TX 76010. 

Trio Model 9R-59D radio. Operation manual needed. Ed 
Davis. 831 N. Superior Ave ., Decatur. GA 30033. 

Hallicrafters Model S-22R (U.S. Navy version). Schematic 
and any other available information. T . Thompson, 330 Sun
set Blvd. S.W. #19, Renton. WA 98055. 

Hammarlund Model CB-23 transceiver. Schematic and/or 
service manual. E.R. Stutler, 934 Edison Ave., New Port Ri
chey, FL 33552. 

RCA Model W0-56A oscilloscope and Oumont Type 304A 
oscilloscope. Schematic and/or service calibration data. Mr. 
James A. Fillingham, Rte . 1 Box 380-A, Pelzer, SC 29669. 

Philco Model 39-7 radio/ phono combination console. Any 
available information. Don Sherr. 509 Hannes St., Silver 
Spring, MD 20901 . 

Nipon Model 141-DA " Busicom" electronic calculator. Sche
matic needed. Dale Williams, 134 Stage Rd ., Newport News, 
VA23606. 

Bogen Model CHB-100 PA amplifier. Schematic, parts list or 
manual. Brian Burke, 5737 S. Maryland, Chicago, IL 60637 . 

Hammarlund Model HQ-100 receiver. Schematic, alignment 
information or any available data . Jeff Kientz, 15 E. Forest, 
Columbia, MO 65201 . 

Sencore "Caddy" bar generator. Owners manual needed. 
Wilbur Hostetter. 12472 136th St .. Largo, FL 33540. 

Accurate Instrument Co. Model 157 tube tester. Operating 
instructions needed. Ralph A. Ladnier, 4026C FCN, McGuire 
AFB, NJ 08641 . 

Grundlg Model 8034-3435 (chassis #2) stereo record play
er. Schematic diagram needed. M.A.H. Siddiqi , 2121 N. 
Western Ave .. Chicago, IL 60647 

Precise Model 30 oscilloscope . Need operating instructions. 
Anthony Vilale, 5222 9th Ave ., Brooklyn, NY 11220. 

Treat yourself to a new direct reading DVM today .. 
' 

DVM35 
POCKET PORTABLE 
ANALOG REPLACEMENT 
3-digit, 1% DCV 
Battery or AC 
Only $134 

LAB ACCURATE 
POCKET PORTABLE 
31h digit, .5% DCV 
Battery or AC 
Only $158 

DVM32 
BENCH & FIELD MASTER 

31/2 digit, .5% DCV 
Battery or AC 

Only $198 

DVM38 
"PRIME" STANDARD AT 
YOUR FINGERTIPS 
3V2 digit, .1% DCV 
Auto-Ranging 
Only $348 

A COMPLETE LINE OF DVMs TO FILL YOUR EVERY NEED OR WANT. 

You can be sure more times in more circuits, under 
more adverse conditions, with greater versatility, 
accuracy, and meter protection than any other 
digital multimeters on the market today; and for 
less money, too. 10 Day Free Trial: Try any of 
these famous DVMs for 10 days. If the DVMs in 
use don't prove exactly what we say, return them 
to your Sen core FLPD Distributor . 

CIRCLE NO . 64 ON 

Want more information? 

57107 

We 
would like to tell you all about 
the Sencore DVMs by sending 
you a 24-page Sencore News, 
a six-page brochure, and the 
name of your nearest Sen
core Distributor today . 
simply write or circle 
reader's service number. 
3200 Sencon• Drive , Sioux Falls. SD 

FREE INFORMATION CARO 
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Electronics Library 

110 CMOS OIGITAL IC PROJECTS 

by R.M. Marston 
If the schematics and typeface look a little dif
ferent , it's because this book was first pub
lished in England. After a short introduction to 
COSMOS, the 110 projects are divided into 
six chapters of increasing complexity: 15 in
verter, gate and logic circuits, 25 multivibra
tors, 10 de lamp control, 25 relay switching, 
25 sound generator and alarm, and 15 count
ing and dividing circuits. Nearly every circuit 
uses the RCA CD4001 quad 2-input NOR 
gate (same as Motorola MC14001); though 
the CD4013 dual D-type flip-flop (Motorola 
MC14013) is used a couple of times. 
Published by Hayden Book Co., 50 Essex 
St., Rochelle Park, NJ 07662. 114 pages. 
$4.95 soft cover. 

ARRL HAM RADIO OPERATING GUIDE 
by the ARRL Headquarters Staff 

This operating manual introduces the reader 
to the many different operating practices and 
interests within the hobby of amateur radio. It 
contains ten chapters, entitled : Getting Start
ed ; Message Handling-Fun with a Purpose; 
Contests-a Sure Way to Sharpen Skills ; 
The Basic Intrigue of DX; Logging + QSLing 
= Awards ; Repeaters-All the Ins and Outs ; 
The Flea-Power Challenge; Communicating 
Visually ; Vhf/uhf-Searching for New HCJri
zons; Oscar-the New Frontier. Included are 
tips on operating frequencies , propagation 
conditions on each band, power levels, and a 
helpful appendix . 
Published by the American Radio Relay 
League, 225 Main Street, Newington, CT 
06111. 128 pages (BW' x 11 '/. $4.00 in the 
USA and possessions, $4.50 elsewhere (soft 
cover) . 

LIGHT-BEAM COMMUNICATIONS 
by Forrest Mims, /// 

The use of light beams to convey information 
is covered in this book. The history of the 
science is traced from primitive signal fires to 
sophisticated laser-beam communications 
links. Modern systems are covered by analy
sis of modulators, transmitters, detectors, 
transmission lines (fibre optics and wave
guides) , carrier sources, receivers, and "an
tennas. " Atmospheric absorption is also dis
cussed. The final chapter highlights experi
mental and operational systems developed 
since 1960. 
Published by Howard W. Sams & Co., 4300 
W. 62nd St. , Indianapolis, IN 46206. 160 
pages. $4.95 soft cover. 

., . 

Revolutionary! 

Sound-shaping taping mike. 


Never before - a single microphone that gives you the versatility of 
16 microphones! Four tiny frequency filter switches built into the new 
Shure 516EQ E-Qualidyne Microphone let you tailor sound for studio 
effects in virtually any recording situation: flick a switch to add sizzle 

to vocals . . . flick another switch to 
highlight the sound of a bass drum. You 
can even compensate for the acoustic 
response of a room - right from the 
microphone! In all, the 516EQ creates 
16 different response variations that 
can add a new, professional sound to 
every tape you make. Available singly 
or in pairs for stereo recording. Ask to 
hear a recorded demonstration at your 
participating Shure dealer. 

Shure Brothers Inc. 

222 Hartrey Ave., Evanston, IL 60204 
 SHURE 

® 

In Canada: A. C. Simmonds & Sons Limited 

Manufacturers of high fidelity components, microphones, sound systems and related circuitry. 
CIRCLE NO . 69 ON FREE INFORMATION CARO 

POPULAR ELECTRONICS 119 



catalog/ 

ELECTRONICS MARKET PLACE 

REGULAR CLASSIFIED: COMMERCIAL RATE: For firms or individuals offering commercial products or services. $2.25 per word. Minimum order $33.75. 
EXPAND-AD CLASSIFIED RATE: $3.35 per wo rd . Minimum order $50.25. Frequency discount; 5% for 6 months; 10% for 12 months paid in advance. READER 
RATE: For individuals with a personal item to buy or sell, $1.35 per word. No minimum' DISPLAY CLASSIFIED: 1" by 1 column (2-1/4" wide), $260.00. 2" by 1 
column, $520.00. 3" by 1 column. $780.00. Advertiser to supply film positives. For frequency rates , please inquire. · 
GENERAL INFORMATION: Payment must accompany copy except when ads are placed by accredited advertising agencies. First word in all ads set in caps. 
All copy subject to publisher's approval. All advertisers using Post Office Boxes in their addresses MUST supply publisher with permanent address and 
telephone number before ad can be run . Advertisements will not be published which advertise or promote the use of devices for the surreptitious interception 
of comm unications. Ads are not acknow ledged. They will appear in first issue to go tc press after closing date . Closing Date: 1st of the 2nd month preceding 
cover date (for example. March issue closes January 1st. Send order and remittance to POPULAR ELECTRONICS, One Park Avenue, New York, New York 
10016. Attention: Hal Cymes. 

FOR SALE 

FREE! Bargain Catalog-1.C.'s, LED 's, readouts, fiber 
optics, calculators parts & kits, semiconductors, parts . 
Poly Paks, Box 942PE, Lynnfield , Mass. 01940. 

GOVERNMENT and industrial surplus receivers. 
transmitters, snooperscopes. electronic parts, Picture 
Catalog 25 cents. Meshna, Nahant, Mass. 01906. 

LOWEST Prices Electronic Parts. Confidential Catalog 
Free . KNAPP, 3174 6th Ave. S.W. , Largo, Fla. 33540. 

ELECTRONIC PARTS, semiconductors, kits. FREE FLYER. 
Large catalog $1.00 deposit. BIGELOW ELECTRONICS, 
Bluffton , Ohio 45617. 

RADIO-T.V. Tubes-36 cents each. Send for free catalog. 
Cornell, 4213 University, San Diego, Calif. 92105. 

AMATEUR SCIENTISTS, Electronics Experimenters , 
Science Fair Students . . Construction plans-Complete , 
including drawings, schematics, parts list with prices and 
sources ... Robot Man - Psychedelic shows - Lasers 
Emotion /Lie Detector - Touch Tone "Dial - Quadraphonic 
Adepter - Transistorized Ignition - Burglar Alarm 
Sound Meter ... over 60 Hems. Send SO cents coin (no 
stamps) for complete catalog. Technical Writers Group, 
Box 5994, University Station, Raleigh, N.C. 27~07. 

METERS-Surplus, new, used, panel or portable. Send for 
list. Hanchett, Box 5577, Riverside, CA 92507. 

MECHANICAL, ELECTRONIC devices catalog 10 cents. 
Greatest Values - Lowest Prices. Fertik's, 5249 "D", 
Philadelphia, Pa. 19120. 

POLICE/Fire scanners, large stock scanner crys 
tals, antennas. Also CBs. Harvey Park Radio, 
Box 19224, Denver, CO 80219. 
TELETYPE EQUIPMENT for sale for beginners and exper
ienced computer enthusiast. Teletype machines, parts, 
supplies. Catalogue $1.00 to : ATLANTIC SALES, 3730 
Nautilus Ave. , Brooklyn, NY 11224. Tel : (212) 372-0349. 

ELECTRONIC ignition: Capacitor-Discharge, pointless. 
Auburn Sparkplugs. Wheel Stabilizers . Information 20 
cents. Anderson Engineering, Epsom, N.H. 03234. 

WHOLESALE C.B., Scanners, Antennas, Catalog 25 cents. 
Crystals: Special cut, $4.95, Monitor $3.95. Send make, 
model, frequency. G. Enterprises, Box 461P, Clearfield, UT 
64015. 

COMPUTER HOBBYISTS-classified advertising 
newsletter. $3.75/year. Free Sample. ON_LINE, 
24695 Santa Cruz Hwy., Los Gatos, CA 95030. 

BUILD YOUR OWN SPEAKERS 
ANDSAVEUPTOSO%,.,...,~~ 
Send tor our tree. lacl·pocked 44·poge 
manual and learn how 10 assemble your own multi· 
e lemen1 stereo speakers lrom scratch or !rom kits 
Cui colalog includes chapters on design. conslluc· 
hon. x·overs . enc losures . m1dronges woo1ers. 
lweelers and horns Wlile us !odoy 

SPEAKERlAB 
Dept. PE-A. 5500 351h N.E. 
Seattle. Washington 98105 

SOUND SYNTHESIZER KITS-Surf $12.95, Wind $12.95, 
Wind Chimes $17.95, Electronic Songbird $6.95, Musical 
Accessories, many more. Catalog free. PAIA Electronics, 
Box J14359, Oklahoma City, OK 73114. 

BUGGED??? New locator finds them fast. Write, Clifton, 
11500-L N.W. 7th Avenue, Miami , Florida 33168. 

YOU WILL SAVE BIG MONEY! Surplus, Clearouts, 
Bankruptcy, Inventory, Oeals. Catalog $1 (redeemable). 
ETCOA Electronics, Box 741 , Montreal, H3C 2V2. U.S. 
Inquiries. 

HEAR POLICE/FIRE Dispatchers! Catalog shows 
exc lusive directories of "confidential" channels, scanners. 
Send postage stamp. Communications, Box 56-PE, 
Cammack, N.Y. 11725. 

UNSCRAMBLERS: Fits any scanner or monitor, easily ad
justs to all scrambled frequencies. Only 4" square $29.95, 
fully guaranteed. Dealer inquiries welcomed. PDQ 
Electronics , Box 841, North Little Rock , Arkansas 72115. 

RECONDITIONED Test Equipment. $0.50 for catalog. 
Waller's Test Equipment, 2697 Nickel, San Pablo , CA 
94606. 

CARBON FILM RESISTORS 1/4W, 1/2W - 1.7 cents each. 
FREE sample I specifications. Other components. COM
PONENTS CENTER, Box 134P, New York, N.Y. 10036. 

RADAR DETECTOR KIT. Build a long range radar detector 
with over one mile range . Kit comes with complete docu
mentation and drilled, etched and plated PC board . Only 
$4.95. Thousands sold nationally. Satisfaction guaranteed . 
Same day shipment. J.B. Saunders Company, 3050 
Valmont, Boulder , Colorado 60301 . 

LI NEARS 
SH0002CH LH0002CH 5.40 LM7IOCH .55 
SH2001CH 5.55 LM71 !CH .55 
LM300H .79 LM7l5CH 3.85 
LM301AH .39 LM720CN ·l4 .79 
LM 30 1AN·8 (Mini Oip) .29 LM723CH .48 
LM302H 2.25 LM723CN 14 .43 
LM304H .79 LM725CH 2.40 
LM305H .79 LM726CH 6.50 
LM306H t.10 LM727CH ll.95 
LM307H .36 LM733CN ·l4 .95 
LM307N·8 (Mini Dip) .35 LM734CN·l4 2.75 
LM308H .89 LM7 39CN·l4/LM38t .99 
LM308N .79 LM740CH /NE536 T 8.95 
LM309H .79 LM741CH .37 
LM309K (!03) l.45 LM74tCN·t4 .33 
LM310H l.25 LM741CN ·8 (Mini Dip) .25 
LM3ltH .79 LM747CN ·l4 .49 
LM312H l.55 LM747CH .59 
LM318H l.25 LM748CN 8 (Mini Dip) .35 
LM323K 5.60 LM748CH .36 
LM324N .79 LM749CN·l4 l.25 
LM339N .79 LM750CN ·l4 3.25 
LM34 tH .99 LM776CH 3.25 
LF 355L l.49 LM777CH 2.00 
LF356l 1.49 LM79 1KC 12.75 
LF357l 175 LM796CH/MC t496G ! 10 
LM358P .65 LM 1312N·l4 l.98 
LM376N·8 (Mini Oip) .99 LM1436CH 179 
LM393P .75 LM1437N·l4 .45 
LM555N ·8 (Mini Dip) .34 LMt458H .72 
LM 556N·l4 .75 LM1458N 8 (Mini Dip) .48 . 
LM702CH .69 LM14880 l.25 
LM706APC 175 LM1489D l.25 
LM709CN·8 (Mini Dip) .37 LM1489AD l.25 
LM709CN ·l4 .28 LMt495N·l4 l.49 
LM709CH .40 LMt496N·l4 .99 

Our new comprehensiver-~ 1977 Fall Catalogue, list

..1 ing complete descriptions,~ I • . "" ~M: illustrations and special 

/-.!-.:/ monolithic pricing on 
over 10,(X)() items, is now 
available on request. 

~MOS CMOS CMOS TEXAS INSTRUMENTS 
LM3018H t.10 C04000BE .13 C04052BE t.15 74Cl4/40014PC .75 l.C. SOCKETS 
LM3046N·l4 .52 C0400t BE .16 C04053BE .89 74C85/40085PC 1.20 (low Profile Solder Tail) 

LM30B6 .59 UnitC04002BE .16 C04055BE 1.29 80C97/40097PC .65 
LM3089 l.98 CD40066E .99 C04060BE .99 80C98/4D098PC .65 Description Price 

C04007BE .16 C04066BE .59 74Cl60/40160PC l.50 8 Pin Oil (C840802) .15LM3302N .65 C04008BE .80 C04068BE .24 74Cl6l/40161PC l.50 14 Pin Oil (C841402) .18LM3401N .65 C04009BE .3 7 C04069BE .24 74Cl62/40162PC l.50 16 Pin Oil (C841602) .19
LM3403N l.20 CD4010BE .37 C04070BE .24 74Cl63/40163PC l.50 t8 Pin Oil (C84t802) .29 
LM3900N .54 20 Pin Oil (C842002) .35CD40llBE .16 CD407lBE .24 74Cl74/40174PC l.40 
LM4136N l.20 22 Pin Oil (C842202) .34C040 t2BE .16 C04072BE .29 74Cl75/40175PC l.40 
RC4 131N·8 (Mini Dip) .80 C04013BE .29 C04073BE .29 74Cl92/40192PC l.50 

24 Pin Oil (C842402) .34 
28 Pin Oil (C842802) .45RC4151N·8 (Mini Dip) 5.00 CD40t4BE' .74 C04075BE .29 74Cl93/40193PC l.50 40 Pin OIL (C844002) .658700CJ 9.65 C040t5BE .74 CD4076B E .98 74Cl94/40194PC l.40 

8701CN 22.85 C040t6BE .29 C04078BE .24 74Cl95/40t95PC l.40 
8702CN 29.50 C040t 7BE .79 C04081BE .24 
8703CJ lt.10 C04018BE .79 C04082BE .29 SG3501AT 3.60 
8704CJ 13.95 SG3524J 7.25CD4019BE .38 C0 4085BE .75 

CD4020BE .84 C04086BE .75 SG450t T l.80 
CD4021BE .89 CD4502BE t.15 RC4t94TK 3.95 

8705CN 29.50 
8750CJ l l.50 CD4022BE .89 CD4507BE .39 RC4195T 2.359400CJ 5.95 C04023BE .t6 CD45tOBE l.05 RC4195TK 3.15
SN72L044N 2.30 C04024BE .67 CD45l tBE l.25 78H05KC 6.35 
TL080CP l.49 C04025BE .16 C04512BE .69 7800 Series .99 
Tl081CP .69 T0· 220 / LM340TCD4026BE t.39 CD4514BE 2.50 
TL082CP l.29 78MOO Ser ies t.39C04027BE .38 CD4515BE 2.50 T0 ·5 / LM340HTL083CN l.65 CD4028BE .74 C045 16BE .84 7800 Series l. 49TL084CN l.69 CD4029BE 78 CD4518BE .84 TO 3 / LM340K 
TL089Cl/HA2905 14 .50 CD4030BE .3 7 CD4519BE .79 78LOO AWC Series .29 
Tll82CN/0Gt82 l.98 CD4033BE l.60 CD4520BE .79 T0·92 
Tll85CN/DG185 l.98 l.25C04034BE 2.95 C04522BE l.98 7900 Series 
Tll88CN/0Gt88 l. 50 CD4035BE .98 C04526BE l.50 T0·210 / LM3201 

C04040BE .99 C04527BE l.50 79MOO Series t.35Tll9lCN/DGt9l l.98 
CD4041BE .67 CD452BBE l.20 T0·5 / LM320HTL497CN l.98 7900 Series l.75CD40426E .58 CD453lBE l.25ULN2001AN t.10 CD4043BE .45 T0·3 I LM320KCD4539BE l.20ULN 2002AN t.10 78MGT2C l.20CD4044BE .45 CD4555BE .75

ULN2003AN l.10 C04046BE 2.45 CD4556BE .75 
ULN2004AN t.10 79MGT2C l.20C04047BE 2.45 C04581BE 2.25 

C04049BE .34 C04582BE .95 78GUl T0·220 l.45CD4050BE .34 CD4585BE I.BO 79GUl T0·220 l.25
CD4051BE .89 78GKC T0 ·3 l.80 

79GKC T0·3 2.10 

Active Eledtonic Sales~ 

. P.O. BOX 1035 . FRAMINGHAM, MASSACHUSETTS 01701 

Telephone Ordera & EnqulrlH (617) 879-00n New Catak>Que avallable on requelt 
NOW IN CANADA 5647 Ferrier 11. 44 FHken Dr-Unh 25 MINIMUM ORDER $10.00 * ADD Sl.00 TO COVER 
2 l ti MonlrNI, Quebec RHdele, Ontario POSTAGE & HANDLING . •OCS Ona Tel. (514) 735-6429 Tel. (416) &n-42&7 . * Canadian customers add 30. 

for duty and handling. All federal and provincial taxes extra 

CIRCLE NO. 3 ON FREE INFORMATION CARO POPULAR ELECTRONICS 

VOLTAGE REGULATORS 
± 5V Oual Tracking Regulator 
Switching Regulator Converter 
± l5V Dual Tracking Regulator 
Variable Dual Tracking Regulator ±35V ±9.5V 
Fixed ± l5V Dual Tracking Regulator T05 
Fixed ± l5V Dual Tra cking Regulator T066 
5 Amp 5 Volt Positive Regulator T03 
Positive Voltage Regulators (Plastic) 1 amp 
5. 6, 8. 12. t5. 18. 24 Volts 

Positive Voltage Regulator 1/2 Amp 

5. 6. 8. 12, t5, 18, 24 Volts 

Positive Voltage Regulator l Amp 

5, 6. 8. t2, 15. 18. 24 Volts 

Positive Voltage Regulator 100 MA 

2.6, 5, 6.2. 8.2. 12. 15 Volts 

Negative Voltage Regulator I Amp 
5. 6. 8. 12, 15. 18. 24 Volts 

Negative Voltage Regulato1 1/2 Amp 

5, 6, 8, t2. 15, 20. 24 Volts 

Negative Voltage Regulator l Amp 

5. 6, 8, t2, 15, 18. 24 Volts 
Dual In line Adjustable 4 Terminal 
Positive Voltage Regulator 
Dual In Line Adjustable 4 Teiminal 
Negative Voltage Regulator 
t Amp Adjustable Positive Voltage Regulator 
l Amp Adjustable Negative Voltage Regulator 
l Amp Adjustable Positive Voltage Regulator 
t Amp Adjustable Negative Voltage Regulator 

120 



7AOO TTL 5400 SERIES MOTOROLA CIRCUITS JAPANESE CIRCUITS 

7400 .21 7442 1.08 74121 .SS S400 1.00 S4 7S 1.SO 
7401 .21 7448 1.lS 74122 49 5404 1 2S S486 1 90 	

MC 174tCG 98 AN136 2.90 HA1312 4.0S STKOS6 11.3S TA7201P 6.40 
MC72SP 1 so MC1804P 98 AN203 HA 1322 STK41S 	 11 -50 7.00 3 .7S 5 .20 TA7203P7402 .21 74SO .26 74 123 1.0S 5410 1.00 S493 2 00 MC740L 1 SS MC 1806P 98 AN208 4.7S HA1339 5.20 TA704SM 3.SO TA7204P 6-50740 4 .2 1 7451 .27 74125 .60 S426 1 2S 54 100 180 MC790P 1 so MC1810P 98 AN210 LA 1201 3.10 4.2S TA70S4P 3.0S T A720SP 6.50 740S .24 74S3 27 74126 81 5473 1 so 54 LS04 1 00 MC832P 48 MC20S3L 4S AN211 3.30 4.70 7406 .4S 	 LA 1364 TA70SSP S.SO TA7800SM 2.SO74S4 .41 74 132 3 .00 MCt004l 1 2S MC3004L 1.32 AN214 4.907407 .4S 	 LA 1366 6.00 TA7060P 1.8S TA7800SP Lgs7460 .22 74 141 1. 15 CMOS MC1008L 1 2S MC3006P 1.44 AN21 7 7408 .2S 7472 	 3 .30 LA 1367 S.90 TA7061P 2.2S TA78012M 2-50.39 74 150 1 10 MC1010L 1 2S MC3007 P 1 32 AN2297409 .2S 7473 	 6 .3S LA3301 4.8S TA7149P 4 00 TA78012P 1.9S.4S 74 151 1.2S 4001 AE 29 4022A E 1 20 MCtOllL 1 2S MC3021 L 2 1S AN234 7410 20 7474 	 S.7S LA4030 4.8S TA7063P 2.2S TA7801SM 2.SO.4S 741S3 1 3S 4002A E .29 4023A E 29 MC1036L 12 so M C3021P 2 1S AN239 6.SO LA4031 P 3.SO TA7074P 4.90 TA7801SP ,_gs7411 30 7475 .80 74154 1.25 4007AE 29 4024AE 1 so MC1037L 12 so MC3060L 2 6S AN241 3.20 7413 .8S 7482 us , 	 LA40S1P 4.6S TA707SP 4.90 TCglOOP 12.00 74 155 2 1 4009A E .S8 402SAE .3S MC13S2P 1.0S MC3062L 3 00 AN24S 6.50 TBA6 105 3 50 TA7076P 4.SS UPC16C 2.SO74 16 .43 7483 t . 15 74157 , 30 40 10AE S8 4026AE 1.49 MC1406CP 3 9S MC4024P 2 20 AN274 3.9S LD3080 4.00 TA7069P 2 90 UPC20C S.00 74 17 .43 748 S 1. 12 7 4161 1.45 401 tA E 29 4028AE 1.60 MC1468L 2 90 MC14S01CP 31 AN2776 3.40 LD3120 3.10 TA7102 S.1S UPC41C 3.9S7420 .21 7486 .4S 74164 1 65 40 12A E 29 4029AE 2 90 MC1469R 2 so MC 14S02CP 1 18 AN288 	 4.80 LD3141 2.40 TA7106P 3.2S UPC48C 3.9S74 22 1.SO 7489 2.49 7416S 1.6S 401 3AE S2 4030AE 6S MC1S10G 8 00 MC 14S07CP 82 AN328 	 4.0S MS112 S.40 TA7120P UPCSS4C 2.20 3.90 742S .43 7490 .69 74166 1 70 4015AE 1 2S 4037A E 4.50 MCt 514 L 4 so MC14510CP 2 40 AN34 3 MS11SPR 4.80 TA7120P-C 8.00 3 .90 	 2.20 UPCS63H2 7427 37 7491 1.20 74174 , 95 4016AE 65 4040AE 2 40 MC1 SSOG 1 so MC1451 ICP 2 76 BA5 11 	 3 .SO MS1S5 TA7122AP UPCS66H 2.2S2.8S 2.30 74 28 33 7492 .82 74175 1 95 4018AE 1 10 4044A E 1.50 MC1 S58 4 37 MC14512CP 1 92 BAS2 1 	 3 95 SG6 13 s 40 TA7124P 1.8S UPCS7SC 4.107430 26 7493 82 74180 1 OS 4019AE 6S 4047AE 2 75 MC 1S9SL 6 2S MC14S19CG 94 HA1158 	 6.30 STK01 1 10.SO TA 7146P 4_ 10 UPC1001H2 S.1S7432 31 7494 .9 1 74181 3 SS 4020AE 1 7S 4049AE 7S MC1S96G 3 3 1 MC1 4528CP 1 74 HA1159 	 6 .60 STK0 1S 6.SO TA71SOP 4.SS UPC1020H s.so 7437 47 749 S .91 7419 1 1 so 402tAE 1 so 40SOAE 75 MC 1723CG 1 25 MC4044P 4 80 HA 1202 3.10 STK02S 12.SO TA71S3P 6.go UPC102S s .so 7438 40 7496 .91 7419S 1.00 HA 1306W S.20 STK032 14.20 TA7200P 6.2S7440 21 74100 1.2S 74 197 1 00 

7441 1 10 74107 .49 74298 1.30 

MISC CIRCUITS IC 's ON THE MOVEltdI74L SERIES TTL 
BC 184L .60 LM 30gK 1.95 SN 1S844N 5S LM340K-S 1 9S BBD BUCKET BRIGADE DEVICE 


74LOO .33 74LS04 .4S 74LS113 98 CA3001 .7S LM3S1 AN .70 SN1S946 SS LM 340K-6 1.9S MM3001 19.50 MN3002 11.70 MM3003 g.45 

74 L 10 33 	 CA300S .80 LM 741C P 40 SN1S8097N .6074LS10 .39 74LS138 1.89 LM340K-8 1 9S HALL IC : DN834 1.25 DN837 1.50 

74L30 33 74LS20 .39 74LS174 2 50 CA3006 1 10 LM14S8M .6S SN72S60P 4.SO LM340K-12 1 9S DN835 1.35 DN838(NEW)

74L42 1 50 74LSS1 .39 74 LS386 S.SO CA3018 1.60 MFC 9020 1.15 SN727410N 8S LM340K-15 1.95 
 SN76001 1.75 SN76002 1.gs

74L86 .69 74LS74 6S 74S 1S3 2 2S CA3018A 1.60 MR99SA 1.0S SN72741C 4S LM340K-18 1.9S 
 PL1-02A M IDLAND PHASE LOCK LOOP 12 00 

74LSOO 39 74 LS11 2 .6S 74S387 1 9S CA3026 2. lS MSC9967P1 .SO SN72748P .49 LM340K- 24 1.9S 


CA303S 2.4S NSSS8 .SS UA703C 9S LM 340TO-S 1 7S 
 MICROPROCESSOR CHIPS 
CA3039 1.3S N8S98B S.00 UA709C .40 LM340T0-6 1 75

74HOO TTL CA30S8 1.90 NESSSV .4S USF7733393 2.40 LM340T0-8 US 1404 A 3.2S 2 102 2.SO MMS013 3.2S 
CK707 P .4S PA77 11 31 .4S 99S879 6 so LM340T0-12 1.75 C 1 702A 19.9S C2708 gs_OQ 80 08 19.gs74HOO .33 74 H 11 33 74HS3 .39 CS 134J 1. 15 PL994SS 1 .4S 996079 12 so LM340T0-1S 1 7S 

74H01 33 210 1 6 .9S C4702A 19_gs 8080A 2g.gs74H20 33 74 HSS 39 CS 13SJ 1.20 RC14370B .3S 998979 9.00 	 LM340T0-18 US MK4 200 P-11 4096x 1 B it Dvmamc Ram g_gs74H04 33 74H21 33 74H73 S9 CS 136 1.2S SC9962P .70 936-S D 1 10 LM340T0-24 US 

74 HOS .3S 74H30 33 74H74 59 IC3(GE i 1.SO scg955p 1.2S 9313DC 1.20 


C5101-3 1024 Bil (256x4 ) Static C-Mos Ram 4.50 
74 H t0 .33 74H40 33 74H76 60 ~~EGATIVE MC 14514 4 B it Laich 4 to 16 Line Decoder 4.2SLM301AN .3S SN1S830N .so 93L28DC 2 7S CALL OR WRITE FOR FURTHER INFORMATION. 

AVAILABLE SPEC'S AVAILA BLE 
REGULATORS 

HOBBY SPECIALS 	 PACE/PATHCOM PART #'S
ELECTROLYTIC CARBON RESISTORS 


CAPACITORS M111 1m.in1 rl P l <;. Pp r V, 11,1 1• 
 YOU TEST ' EM SAVE BIG MONEY 130079 4.00 IP20-0123 2.7S 
Power Pac 100 Asst. (includes Case TOJ. T066 $2.99 1300821 .6S IP20-0131 2.SO 

T0220. T0202i 13-0122 us IP20-0141 3.00 2.2MFSO AXIAL LEADS -1S QUANTITY Trans1stor I 100 Asst. (includes Case TOS. $1.99 83-000S 	 2.00 IP20-0142 3.00 3.3MF10 AXIAL LEADS . 1S PRICING S-2S 30- 9S 100-4gs Diode Pac T039 . T018. D07 . 0041) 83-0007 	 2.SO IP20-0139 .43 3 .3MF10 NO POLARITY .1S 't.w5% .06 .OS .04 l.C Pac 100 Ass1 (inc ludes 14 & 16 Pin) $3.SO 83-0008 	 2.00 IP20-01S4 6.0010MF25 AXIAL LEADS -1S '1'w5% .08 .07 .06 Resistor Pac 50 Asst (Assorted values) $1.SO 83-001S 	 3.00 IP20-015S 2.SO10MFSO AXIAL LEADS -15 STANDARD RESISTANCE VALUES Mos Fet Pac 10 Asst (many top #'s Case T072J so_g9 IP20-000S 3.00 IP20-0161 4.00 10MF1SO AXIAL LEADS .20 OHMS SCA Pac 100 Asst. (s1 m1lar to :C103 Ser ies) Case lo 92. $4.00 IP20-00 16 .40 IP20-0177 2.7S 2SMF3S AXIAL LEADS . 15 10 270 820 4.7K 27K VR·10-1oov. J·•OOMA . JGT :200MA IP20-0034 .8S IP20-0176 2.8S30MF25 AXIAL LEADS .1S 22 300 910 S. 1K 33K IP20-0037 .8S IP20-01g1 .72 47M F25 RADIAL LEADS .1S 47 330 1.0K 6.8K 47K IP20-004S 2.00 ZENER D I ODES 

100MF16 'h & 1 Watt 10% .30 each U P TO 3 3V. 

47MFSO RADIAL LEADS .20 S1 470 1 SK 7.SK 100K IP20-0073 2. 7S

RADIAL LEADS .1S 100 S10 2.2K 8.2K 330K IP20-0093 2.50 GREATER THAN 33V C A LL F OR P RI C ING 

SOOMFSO AXIA L LEADS .60 220 680 3 .3K 1SK 

1000MF3S AXIAL LEADS .6S 240 7SO 3.9K 22K 


POPULAR JEDEC SEMICONDUCTORS 


100MF2S RADIAL LEADS .20 1SO S60 2.7K 10K 1.0M 

JAPANESE TRANSISTORS * CB. AUDIO , INDUSTRIAL 	 1N34 2S 2N918 .60 2N2218 .2S 2N2906A .30 2N3646 .14 2N4220A -45 
1N60 .2S 2Ng30 2S 2N2218A .30 2N2go7 .25 2N3730 2.SO 2N4234 .95 
1N270 40 2N9S6 .30 2N221g .2S 2N2907A .30 2N3731 3.7S 2N4400 .16 2SAS2 60 2SC206 1.00 2SC774 US 2SC1173 .9S 2SD77 1.00 1N914 .10 2N960 .go 2N221gA .30 2N2913 .7S 2N3740 1.00 2N440 1 .16 2SA316 -~S 2SC240 1 .10 2SC77S 2. 7S 2SC 117S .6S 2SD81 3 2S 2N962 .9S 2N2221 .2S 2N2g14 1.20 2N3771 us 2N4402 .16 2SA473 7S 2SC291 .6S 2SC776 3.00 2SC1209 SS 2SD88 1.SO 2N173 u s 2N967 .9S 2N2221A .30 2N2916A 3.6S 2N3772 ,_go 2N4403 .20 2SA483 1.9S 2sc2g2 3.00 2SC777 4.00 2SC 12 13 .7S 2SD118 3.2S 2N174 3.SO 2N 1136 us 2N2222 .25 2N3019 .50 2N3773 3.00 2N4409 .18 2SA48g .80 2SC320 .7S 2SC778 4.00 2SC 1226A 1.2S 2SD130 1.2S 2N178 _go 2Nl 142 2.25 2N2222A .30 2N30S3 .30 2N3819 .40 2N4410 .16 2SA490 70 2SC3S2 .7S 2SC781 3.00 2SC1237 4.SO 2SD141 2.2S 2N327 A us 2N1300 1.00 2N2223 1.00 2N3054 .70 2N3823 .70 2N4416 .7S2SASOS .70 2SC3S3 .7S 2SC783 1.00 2SC1239 4.00 2SD1S1 2.2S 2N334 1.20 2N130 1 l.10 2N2270 .40 2N30SS .7S 2N38S6 .20 2N5061 .30 2SAS64 .so 2SC371 .70 2SC784 .70 2SC1243 1 .SO 2SD170 2.00 2N336 _go 2N 1302 1.2S 2N2323 1.00 2N3227 1.00 2N3866 .8S 2NS064 .50 2SA628 6S 2SC372 .70 2SC78S 1.00 2SC 12g3 .8S 2SD180 vs 2N338A 1.0S 2N1303 .70 2N2324 1.3S 2N3247 3.40 2N3903 .16 2NS130 .20 2SA643 .8S 2sc3g4 .70 2SC78g 1.00 2SC1306 4 .7S 2SD201 1.9S 2N398B 1.SO 2N1304 1.2S 2N2325 2.00 2N32SO .50 2N3g04 .16 2NS133 -152SA647 VS 2SC4S8 .70 2SC793 2.SO 2SC1307 S.7S 2SD218 4.7S 2N404 .7S 2N130S .7S 2N2326 2.85 2N337S 6.SO 2N390S .16 2N5138 .15 2SA673 .8S 2SC460 .70 2SC796 3. 1S 2SC1308 4.7S 2SD23S 1.00 2N443 2.SO 2N1306 1.3S 2N2327 3.80 2N3393 .20 2N3906 .16 2N5198 3.7S2SA67g 3.7S 2SC478 .80 2SC797 2.SO 2SC1317 .60 2SD300 2.SO 	 _172N456 1.30 2N1307 .7S 2N2328 4.2S 2N3394 2N392S 3.75 2NS294 .so2SA682 .8S 2SC481 1.8S 2SC798 3_10 2SC1318 .70 2SD313 1.1 0 2N50 1A 3.00 2N1308 1.SO 2N2329 4.7S 2N3414 .17 2N3954 3.50 2NS296 .so 2SA5g9 1.30 2SC482 US 2SC799 4 .2S 2SC 132S 4.9S 2S::J31S .7S 2NS08A -'S 2N13Qg .90 2N2368 .25 2N3415 .18 2N39S4A 3.7S 2NS306 .20 

2SA699A 1 .4S 2SC49 1 2.SO 2SC802 3.7S 2SC1327 .70 2SD316 2.SO 2NSSS .7S 2N1SS2 3.2S 2N2369 .25 2N3416 .19 2N3955 2.4S 2NS3S4 .20 2SA70S .SS 2SC4gs 1. 10 2SC803 4 .00 2SC 1338 US 2SD317 1.2S 2N652A 1.2S 2N15S4 1.25 2N2484 .32 2N3417 .20 2N3957 1.25 2NS36g .20 2SA81S .8S 2SC497 1-60 2SC81S .7S 2SC1346 .80 2SD318 .gs 2N677 6.00 2N1 SS7 1.15 2N2712 .18 2N3442 1.85 2N4036 .7S 2N5400 .402SA816 .8S 2SCS02 1.SO 2SC828 _75 2SC1347 .80 2SD32S 1.2S 2N706 .2S 2N1560 2.80 2N28g4 .40 2N3553 1.50 2N4037 .80 2N5401 .50 2SCS1S .80 2SC829 .7S 2SC1364 1.SO 2SD341 .gs 2N706B _75 2N1605 .3S 2N2903 3.30 2N3S63 .20 2N4093 .8S 2N5457 .3S2SB22 .6S 2SCS17 4.2S 2SC830 1-60 2SC1377 S.50 2SD3SO 3.2S 2N711 _go 2N1613 .30 2N2904 .2S 2N356S .20 2N4124 .16 2N5458 _30
2S BS4 .70 2SCS3S .7S 2SC838 .70 2SC1383 .7S 2SD3S2 .80 2N711B 1.10 2N1711 .30 2N2904A .30 2N3638 .20 2N4126 .16 CI03Y .25 2S BS6 .70 2SC536 .6S 2SC839 .8S 2SC 1384 .8S 2SD380 S.70 2N 71 8 .2S 2N1907 4.10 2N290S .25 2N3642 .20 2N4141 .20 C106B1 .50 2SB77 .70 2SCS37 .70 2SC922 .SS 2SC14Qg 1.2S 2SD389 .7S 2N718A .30 2N2060 1.8S 2N2905A .30 2N3643 .20 2N4 142 .20 2SB 128 2.2S 2SCS63 2.SO 2scg29 .70 2SC1410 1.25 2SD3go .7S 2N720A so 2N2102 .40 2N2906 .25 2N3645 .20 2N4143 .20 
2SB 1S2 4.SO 2SC607 1.2S 2SC930 .6S 2SC1447 1.2S 

2SB173 .SS 2SC614 3.80 2SC938 .6S 2SC1448 1.2S 2SF8 3.00 

2SB 17S .SS 2SC61S 3.90 2scg43 1.SO 2SC1449 1.30 2SCF8 3.SO 

2SB178 1.00 2SC616 4.1S 2scg4s .6S 2SC 147S 1.SO 2SCF6 1.2S 
 SILICON 
2S6186 .60 2SC617 4.2S 2scgsg 3.1S 2SC1S07 1.2S HEPS3001 3 .2S 	 HARDWARE * IC SOCKETS

UNIJUNCTIONS2SB 187 .60 2SC620 .80 2SC960 2.75 2sc1sog 1.2S JSP7001 .7S 'd4M'M1 
2S6235 7.00 2SC627 US 2scg54 1.SO 2SC1S69 1.2S MRF8004 3.00 

2N2160 .65 MU4892 .SO Nylon Screws, Nuts & Rivets (Complete Kit. 50 pc'a) 1.99 10 100
2SB303 .6S 2SC642 3.SO 2SC996 4.90 2SC1674 1.75 MPS8000 1.2S 

2N2646 .4S M U48g3 .50 Trans H/W Mica. Bushi ngs & Screws 	 For For2S 6324 1.00 2SC643 3.7S 2SC1010 .80 2SC167S 1.75 MPS8001 1.2S 2N2647 .SS MU4894 .50 Case T03, T066 & T0220 (Specify Type, 10 Seta) 1.00 	 IN4001 .60 5.00 
2SB337 2. 10 2SC644 .70 2SC1012 .80 2SC1678 S.SO M PSU02 .so 

2N48S 1 .7S 2N6027 SS MK20 T03 Complete Mounting Kil 5/.99 	 1N4002 .70 6 .00
2S6367 1-60 2SC681 2.50 2SC1013 1.SO 2SC 167g 4.7S MPSU31 4.00 

2N48S2 .7S 2N6028 .70 MK2S T066 Complete Mounting Kil 5/ .99 	 IN4003 .60 7.00
2SB370 .6S 2SC684 2. 10 2SC1014 1.SO 2SC17S6 1.2S SK3047 3.7S 

2N4870 .SO DSE37 .3S IC Socket 8 Pin TOS Pkg. of 2 1 .OOea. IN4004 .90 8.00 
2SB40S .8S 2SC687 2.SO 2SC1017 1.50 2SC 1760 2. 15 SK3048 3.25 2N4871 .50 MU10 .35 IC Socke1 10 Pin TOS Pkg. of 2 1 .22ea. 	 IN400S 1.00 9 .00 
2SB407 1.6S 2SC6g6 3.00 2SC101 8 1.50 2SC 1816 4.SO SK304g 4.7S 

MU4891 .50 MU20 -40 IC Socket 14 Pin DIL Pkg. of 1 .25ea. 	 tN4006 1-10 10.00
2SB41S .8S 2SC699 4.7S 2SC 1030 4.75 2SC1908 .70 SK3054 1.2S IC Sockel 16 Pin OIL Pkg. of 1 .27ea. 	 IN'4007 1.20 11.00
2SB461 1.2S 2SC710 .70 2SC1051 2.50 2sc1g09 4.7S 2SK1g 1 75 

2SB463 1-6S 2SC7 11 .70 2SC1060 .75 2SC 19S7 1.50 2SK30 1.00 

2SB471 US 2SC712 .70 2SC1061 1.65 2sc1g73 1-50 2SK33 1.20 
 NEW-TONE ELECTRONICS 
2SB474 1.SO 2SC7 13 .70 2SC1069 3.50 2SC1974 4.90 2SK41 us PO BOX 1738A 2SB476 1.2S 2SC731 3.00 2SC 107g 3 .75 2SC197S 4.90 3SK22Y vs 

2SB481 2. 10 2SC732 .70 2SC1 080 3. 75 2SC2028 1_ 10 3SK40 2.7S 
 BLOOMFIELD, N.J. 07003 
2s04g2 1.2S 2SC733 .70 2SC1 096 1 .20 2SC2029 4.7S 3SK4S 2.7S 

2s04gs .gs 2SC735 .70 2SC1098 1-lS 2SC2074 3.00 3SK4g 2.7S 
 PHONE: (201) 748-8171, 8172, 8173 
2SB507 .go 2SC739 .70 2SC1115 2.75 4004 3.00 

2SBS11 .70 2SC71S .70 2SC1166 .70 2SD45 2.00 400S 3.00 
 Thllnk you, 10< your lnterMt •nd rMponH to New·Tonel
2S B531 3.00 2SC756 3.00 2SC1167 4.2S 2SD65 .7S 40080 1.25 

2S 65S6 3.50 2SC762 1.go 2SC1170 4.00 2SD68 .90 40081 1.SO 
 N.J . rMldento 8dd 5% •••" tax, minimum order 15.00. Phone Ordertl W•lcome
2S 61 3S .9S 2SC773 .85 2SC 11726 4.2S 2SD72 1.00 40082 3.00 All Ofderl •cld $1.00 Poot11ge $1 .50 C•n..S• DMI.,. Writ• or Phone 10< Di.count Prlcee 

PARTIAL LISTING - WRITE FOR FREE CATALOG' ALL PARTS GUARANTEED 
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I 
/ 

Let Kester solder aid you in your home re pairs 
or hobbies . A radio, TV , model t'ain , jewelry , 
plumbing, etc. Save mo ney - repa i r it yourself. 
Send se l f-addressed stamped envelope to Kester 
for a FREE Copy of " Soldering Simplified" . 

4201 _Wrightwood Ave .KESTER SOLDER I Chic ago, Ill. 60639 

BUILD AND SAVE. TELEPHONES, TELEVISION, DETEC
TIVE, BROADCAST Electronics. We sell construction 
plans with an Engineering Service . Speakerphones, An
swering Machines, earphones, Phonevision , Dialers, Color 
TV Converters, VTR , Games, $25 TV Camera, Electron 
Microscope, Special Effects Generator, Time Base Correc
tor , Chroma Key . Engineering Courses in Telephone, Inte
grated Circuits, Detec tive Electronics . PLUS MUCH 
MORE. NEW Super Hobby Catalog PLUS year 's subscrip
tion to Electronic News Letter, $1 .00. Don Britton Enter
prises , 6200 Wilshire Blvd .. Los Angeles , Calif. 90048. 

NAME BRAND Digital/Analog Test Equipment. Discount 
prices. Free cata log . Salen Electronics , Box 82, Skokie, Il 
linois 60076. 

* ~\~~~\=:: 
/10/1"°"'' 
'1011'-" 

The Ian wo1d in BK Ram Boards. 
Special Price of o nly $2 19.95 

fea tu<es : 
Lowpower 2 1L 02. 450ns. Dip Switch 
Seleciableaddreuingdown to 256 
8y 1 ~ b lock1, No wai t sta te!, fu lly buf· 
lererl ,batrn ryback·up. 

• :i;;,~h~ :~•1s~~~: 4S~a~~~~morv lf-. 
l6K . S 579.95 
24K 879.00 
32K 1099.95 

IN01t.rnpply con1ingen ton 2 11 4 
;in il1bility . Allow 30 d av1J 

DATA BOOKS 

~~~ ~:!~1:,1 S ~::~ 
NSCl•nu1 /l.INV ol l . 2.95 
NSClonu•A/NVol ll 2.95 

~~g ~~Z! . 
NSCVolUv<ll•9 , 

i:~ 
2.95 

NSCM• Mo•v l.9 5 
NSC , , J .95 

~~~ ~.~,~~~unC!'°nl g~ 
NSC T"nu•10< 1 . . 2.95 
'•"' M•<:<OIH<>< • not lh"dboo~ 7. 95 
l•1'l (On>~f!oupL..1nonQCou• .. 

:~ ::: ~g~:t~.~~I~ 
99.50 
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~:::::~ 6~";::/0u•h 
l llonn•Con11ol 
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4.95 

01b<»Mln11010 M o<t"11"totVol . t 7.50 
0 1bo•no lnuor0Moet°"ur<r1Vol II . . 12.50 
0100<no80 ROP •"'l""'m' n11fo1Loo;i .. O• ••ll" 7 .50 
0 1b<><,..6800~1"'1• •mm•n11 7 .50 

RF Modul• to• Mo<kl 102 1 Awombl<:d $8.95 
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• 01:19 ~ 
snot 

P2 1Qi "''%15111,.; 
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~117~ 

~ ~lg,;~!'.."'" ~:: 
Plus huge backu 11 in vent 1J•V 
wi th 1riecia l 1> ricingfor 
VOLUME rn<1ui1em eno. 
Call fo r a quo1a1ion 

USED TEST EQUIPMENT - Tektronix, HP, GR . Write: PTI , 
Box 8699, White Bear Lake, MN 55110. Phone: (612) 429
2975. 

DIGITAL TACHOMETER 4-6-8 cylinder two digit display. 

Complete $59.95. Cosmos Electronics, P.O. Box 33278, 

Seattle, WA 98133. 


AMAZINGLY Low component prices! Ask for lree flyer . 
Write: EEP, 11 Revere Place, Tappan , NY 10983. 

SURPLUS COMPONENTS, Communication and test equip
ment. Illustrated catalog 25 cents . E. French, P.O. Box 249, 
Aurora. Illinois 60505. 

TELEPHONES UNLIMITED, Equipment, Supplies, 
All types, Regular, Keyed, Modular. Catalog 50 
cents. Box 1147E, San Diego, California 92112. 
POWERFUL, ADJUSTABLE, REGULATED, THREE OUT
PUT POWER SUPPLY and 900 easily removable parts in 
complete CARTRIVISION television recorder electronic 
assembly with documen t ation. Perfec t for 
MICROPROCESSOR , IC, transisto r, television, CB radio 
applications . $24.95 total. Free brochure . BankAmericard , 
Master Charge . MADISON ELECTRONICS, INCORPO
RATED , 369, D55, Madison , Alabama 35758 . SATISFAC 
TION GUARANTEED. 
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S·100 COMPATI BLE PRODUCTS 

~ic'~Ka ~.i;,:;0~~;·d 1nuo P"< • :~~::~ 
8 ~;~ 0~~::~,~<»•d !E•1»Nl•b!ol $ 19.9'.i 

f. H nd., Qo., d $ 34 .9~ 
Un •.,n • I P1otollo01dwn nmuo1.,n SJ9.95 
32 1{ St••«fi•m llo• •d Ku S1099.95 

1 ~~~~~,~.~;.v;)o 

All Shiprnenu FCM o r UPS. Ord ers 
unde r 5 100.00 add 5% handl ing and 
posta91!. O•den over $100.00 add 2.5% 
handli ny & postage. Mau erchargo/Bank· 
americ<1rd /COO acccpied w/25% de1101i 1 
Califo1n1a Ae1ide tltl add 6% tax. Fo reign 
Orden add 8% handl ing. All pa r ts p rime 
fac wry rested 9uaranteed. Same day 
1hipme n t. Add 25cenu fo r Da ta. 
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NEWCTS O IPSW ITC H ES 

R0325 13 l ower Caie 10.95 
ROJ25 13 U1111Nca ie 9.95 
AV52376 Keyboard Encode r 14.95 
AY53600 KByboa rd Encoder 14.95 
MM 657 1 Char 9f'n 19.95 
MM6574Cha r ~n 19.95 
MM6575Ch&r9f!n 19.95 

SPE CIALTY CHIPS 
J4702Ban.d Ra hl Gt.n S 15 .95 
up0J72 Flo p11v Contr o ll n 55.00 
up0371 Ma11 Tap~ Cormoller 49.95 
AP1>No1e1 lo r 37 2 Flo1>p v 6 .95 
WD1 7 71 Flop11y Co n1ro lle r 69 ,95 
A Y S 3550 4 % DVM Ch i11 24 .95 
BO J8CC Wav~ Gr.11 3.50 
MK 5007 Coun !cr 6.95 
AYS 3507 DVM Chip 12.95 
WD1 94 1 Ou ~ I Baud Gen 9.95 
ICM72011 lPI 16.9 5 
ICM7 0451PI 18.95 
MC 14 4 11 Bau d 12.95 

Rr.tai lpri c i ng . n~avvary lrom 
Mail Ord er pricing.*

~NOW 

~ UTER Irvine, California 92713 Sta•~ ~P:~1nge• 05
New Phone (714) 558-8813 ~!~taAna,CA 921 *~ 

CIRCLE NO . 6 ON FREE INF-OAMATION CARO 
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'""',YES,YOU CAN 
BUILD 

AN 

ELECTRONIC 
ORGAN 

Th"t has" PIPE 0 RGAN S0 UN D 

Wi th DEVTRON IX easy to build assemblies. 

Own the ul t imate in organ design & sound 

at 1/3 th e cos t of commercial o rgans. 

BROCHURE AND DEMO RECORD $1 .00 
Dept. C 

' 5872 Amapola Dr. 
ORGANS, INC. San Jose, CA 95129.~ 

CB RADIOS , moni tors . crystals , CD ignitions. Southland, 
Box 3591-B , Baytown, Texas 77520. 

MODULAR SYNTHESIZERS 
THAT REALLY PERFORM 

Write to: 
ARIES MUSIC INC. 

P.O. BOX 3065 

SALEM, MA 01970 


PROFESSIONAL UN SCRAMBLERS - several models that 
fit any scanner. Free information . Capri Electronics, 8753T 
Windom , St. t ouis , MO 63114. 

UNSCRAMBLE CODED MESSAGES from Police. Fire and 
Medical Channels . Same day service . Satisfaction guaran
teed . Don Nobles Electronics , Inc ., Rt. 7, Box 265B, Hot 
Springs , Arkan sas 71901 . (501) 623-6027. 

ANYTHING ELECTRONIC - we 've got it. Catalog $1 .00. 
Razoo, Box 1224, Cupertino , Calif. 

:d~ rl~;~ k~m~~e~~d s~:~~ s~~::· ~~~le~~~~~~ • 
without wires up to 300 ft . through FM Ra- I 
dio. Use as mike, ampf., alarm & alert sys., • 
hot li ne, baby si tter, etc. Money back guar. I 
Bl A, MIC eds, COD ok. $18.95 plus $1.00 
post. & lldlg. Ca lif. res. add ta x. Mail orders • 

SI ZE Qty. Disc. Ava il. AMC SALES, INC• • 

~·~~x_:"~~~.::.::~:w.:~::·.::, 
NEGATIVE ION Generator . $275.00. Complete kit $165 .00. 
Conslruclion plans $10.00 . Golden Enterprises , Box 
1282PE, Glendale , Arizon a 85311 . 

UNBELIEVABLE Goldmine of Electronic Schematics. Over 
200, Useful, Novel , and Amazing Projects. Only $9.99! 
Money Back Guarantee. Send lor Free project list. Space
tech , Box 182, Gillette , N.J. 07933. 

WEATHER MAP RECORDERS: Copy Satellite 
Photographs, National -Local Weather Maps. 
Learn How! $1.00. Atlantic Sales, 3730 Nautilus 
Ave., Brooklyn, N.Y. 11224. Tel: (212) 372-0349. 
FREE CATALOG of Electronics parts, kits , semi's, spec
tacular savings . Diamondback, Box 194P, Spring Valley, 
Ill. 61362. 

120 VOLTS 3000 WATTS from your vehicles alternator . 
Simple plans $3.00. Sterlek, Box 15532, Long Beach, Calif. 
90815. 

NEED TECHNICAL INFORMATION??? New directory lists 
101 sources of FREE publications,hlandbooks relating to 
Microcomputers, Communications , General Electronics 

Write Technical Public at ions. 1405B Richland , 
Metairie, LA 70001. 

VIDEO TAPE RECORDERS: Norelco LDL 1000/52 Records 
and Plays on 1/2 inch tape . Guaranteed Excellent : $260.00. 
UPS Postage Paid . Gordon K. Kapes, 1127 Ridgewood 
Drive, Highland Park, Illino is 60035. 

TELE PH ON ES, Wide Selection. Phone cords, 
plugs, jacks, etc., including modular. Free cata 
log. Flemco Sales, 20272 37th Ave., N. E., Seat
tle, WA 98155. 

AUDIO EXPERIMENTERS, Serious Music Syn
thesizer Stuff: literature, kits, comp·onents, cir
cuits and more. Send SASE for FREE INFO. CFR 
Associates, POB F, Newton, NH 03858. 
UNSCRAMBLER SUPER SALE: Our famous Code-Breaker 
works with all scanners and tunes all scramble frequencies 
only $29.95. COD's (501) 273-5340 . Mail orders to: 
KRYSTAL KITS, BOX 445, BENTONVILLE, AR 72712. 
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PLASMA DISPLAY KIT 

Kit Includes: 	 12 digit display .4" Charac
ter Power supply for d isplay 
above Complete specs for 
hooku p. 

Line cord Not Included . ONLY$ 3.95 

On=',,-,-,,,-,
-1.Ll.L., 1,.=_,,Q,,:,, I.~. 

WATERGATE SPECIAL 

Telephone Relay automatica ll y starts and 
stops tape recorder. No ba t ter ies requ ired . 

Kit complete w i th dri l led P.C. Board. 


Parts and Case ONLY $10.95 

Kit includesCLOCK KIT 
• LT701 cl oc k module 
•Power Supply 
•Punched Case 
•12 ho ur operation onl y 

Complete 
except for line cord 

Radio Hut 

Money back gua rantee. NO COD 'S. Texas 
res idents add 5% sa les tax. A dd 5% of order 
for postage and handling. Orders under $1 5.00 
add 75 ce nts. Foreign orders add 1.-0% for 
postage. 

For your convenience, ca ll your BankAmericard 
or Master Charge orders in on our T o ll Free Watts 
Line: 1 ·800-527-2304. Texas res ide nts ca l l col 
lect: 1-2 14-27 1-8423. 

P. 0. Box 38323P 
Dallas Texas 75238 BANKAMERICARD 

SOCKETS CMOS
14 pi n .22 

1 6 pi n .25 

1 8 pi n .25 
 SALE 
24 p in (ww o nl y ) .95 CD4000 .16 
28 p in .35 CD4001 .16 
40 pin .50 CD4002 .16 

CD4007 .16 
CD4009 .45 
C04010 .45 
CD4011 .16 .L s CD4012 .16 

74 L SOO .26 74LS145 l.00 CD4013 .29 
74 LS02 .26 74 L S151 .70 C040 1 4 .75 
74 LS03 .26 74LS153 .70 CD40 1 5 .75 
74 L S04 .30 74LS155 .69 CD4016 .29 
74LS05 .32 74LS156 .76 CD401 7 .80 
74LS08 .26 74LS157 .95 CD4018 .80 
74 L S09 .26 	 74 L S158 .85 CD4019 .39 
7 4 L5 l 0 .26 74 1_5160 .85 CD4020 .85 
74 L 51 l .35 74 LS161 .85 CD4021 .90 
74 L S13 .58 	 74 LS162 .85 CD4022 .90 
74LS14 1.05 74 L SJ63 .85 CD4024 .70 
74 L 515 .26 74 LSJ68 .85 CD4025 .19 
74 LS20 .24 	 74 L SJ69 .85 CD4027 .39 
74LS2 J .35 	 74 LS170 2 .00 CD4028 .75 
74 LS22 .35 	 74 L SJ73 I. J O CD4029 .99 
74LS26 .35 	 74LSJ 74 l.00 CD4030 .16 
74L527 .35 	 74LS 1 75 1.00 CD4034 2.30 
74 L S30 .34 	 74LSJ90 .95 CD4035 .99 
74LS32 .35 	 74 L $191 .95 C04040 1.00 
74LS37 .33 	 74LS192 .95 CD404 l .69 
74L538 .38 	 74 L S193 .95 CD4042 .59 
74LS40 .34 	 74 LS194 .95 CD4043 .60 
74LS42 .80 	 74LS195 .95 CD4044 .59 
74LS51 .26 	 74 L 5196 .85 CD4046 .90 
74 LS54 .26 	 74LSJ97 .85 CD404 7 .59 
74LS55 .26 	 74 LS251 .85 CD4049 .35 
74L573 .75 	 74LS253 .85 C04050 .35 
74LS74 .49 	 74LS257 .85 CD4051 .90 
74LS76 .49 	 74LS258 .85 C04053 .90 
74 LS86 .45 	 74 L S260 .26 CD4056 1.00 
74LS90 .85 	 74LS266 .26 C04058 .90 
74 LS92 1.00 	 74LS279 .55 CD4060 l.00 
74 L S93 l.00 	 74LS290 .75 CD4066 .69 
74 LSl 09 .49 	 74 L S293 .75 CD4069 .30 
74LS1 1 2 .49 	 74 L S295 .95 C0407 1 . 1 6 
74L5 1 13 .40 	 74 L S298 .95 C04076 .99 
74 LS114 .40 74 LS365 .55 74C04 .29 
74LS125 .55 74LS366 .55 74C107 .29 
74LS126 .65 74LS367 .55 CD4116 .39 
74LS132 1.00 74LS368 .55 CD4507 .40 
74LS133 .35 	 74LS390 1.75 CD4512 .50 
74LS136 .39 	 74LS393 1 .45 CD4516 .85 
74LS138 .85 74LS670 3.25 CD4518 .85 
74LS139 .85 CD4520 .85 

Memorex computer boards 

w ith IC 's , diodes, t ransistor, 


et c. 5 Boards containing 

100 - 200 IC's 

ONLY$ 4.25 


BRIDGE 

RECTIFIERS 


6 Amp 50V 1.10 
10 Am p 50 V 1.25 
25 Amp 50V 1.39 

$ 8 .00 EACH• 	 , +&RM 

MK 5005 
4 digit counter/latch 
decoder; 7 segment 
output on ly. 24 pin 
d ip w it h specs . 

SPECI A L 

DEVICES 


82S23 2.19 
2513 10.00 
2102-1 _99 
1101A .75 
1103A 1.10 
8T13 1.50 
8T97 1.25 
MM5233 1.50 
300KC xta l 1.50 

VARIABLE POWER SUPPLY KIT NO . 1 
* Continously variable from 5V t o 20V 
* Excell ent regulation up t o 500 mil. 
* 4400 Mfd of filtering 
* Dri lled fi berglass PC Board 
* One hou r assembly 
*Kit includes all components 

* Case Included ONLY $ 10.95 Ni-Cad Batteries 
VARIABL E POWER SUPPLY KIT NO. 2 4 Brand New Size "AA" 

Same as above but wit h 1 amp output, also w ith case. Ni-Cads ONLY $4.50 
ONLY$1 3.95 

L T 701 E 	 12 hour cl oc k 1------------ ----< 
ONLY $ 14.95 *** 	 ** * ....LT701 G 	 24 hour cloc k .. TTL .. 

BATT ER Y CLIPS 
Standard 9V battery clip with 

4 -1/2" ti nned leads. 25/$1 .00 

7400 .17 7473 .2 1 
740 1 .17 74H 74 .45 
7402 .17 7474 .35 
7403 .1 7 7475 .55 
74H04 .25 7476 .35 
74504 .30 7480 .45 
7404 .17 7483 .76 
7406 .25 7485 .89 
7408 .17 748 5 .35 
7409 .17 7490 .7 1 
7410 .17 7491 .71 
7411 .25 7492 .71 
74 1 3 .45 7493 .6 7 
7420 .17 7494 .9 0 
7421 . 1 7 7495 .71 
7423 .35 7496 .85 
7425 .27 74100 .96 
7426 .25 74121 .31 
7427 .1 7 74123 .61 
7430 .25 74125 .44 
7432 .30 74141 .71 
7437 .35 74145 .97 
7438 .35 74151 .71 
7440 .17 74153 .81 
7442 .60 74154 .97 
7443 .60 74161 .91 
7444 .65 74163 1.05 
7446 .85 74164 1.05 
74L47 1.75 74174 .91 
744 7 .81 74 175 1.40 
7448 .81 74180 .76 
7450 .20 74181 2.25 
7451 .17 7419 1 1.20 
7453 .17 74192 1.20 
7454 .17 74193 .95 
7470 .35 745 1 95 1.05 
7472 .21 74195 .65 

******************* * * * * * * ** * UNSCRAMBLER KIT * ** ** for all Scanners* 	 * 
* 	 * 
* • Tunes eas i ly * ** ** * • Full instruct ions included * ** ** •Easy to install ** ** 

• 3%" x 3%" x 1%" * * *Only $19.95 * ** ******************* * *** * ** 
REGULATORS READOUTS 

7805 7818 
7806 7824 
7808 7905 
781 2 7912 II
7815 7915 
Your Choice $ .95 

RESISTORS 
Over 50,000 .000 

in stock 
'330 ohm 22K ohm 


470 ohm 27K ohm 


· '680 ohm 33K ohm 


1Kohm 39K ohm 


1.2K ohm 43K ohm 


2.2K ohm 47K ohm 


J_JK ohm 82K ohm 


4.7K ohm lOOK ohm 


6 .BK ohrn 150K ohm 

lOK ohm 220K ohm 

20K ohm 

" 1/8 W on ly 

'" 1/ 2 W only 

All res is tors are P .C . Lead but a rP. 

no t pull offs . 


100 mm . order for each value 


NOMI X 100/.99 

FND70 .4" C.C. .59 
FND800 .8" C.C. 1.69 
TI 6 digit array C.C. 

3/ 1.00 
MAN 8 .3 " CA Yel low 

.89 
L T767 .7" C.C. 4 digit 

~ti c k $ 3.95 

TRANSISTORS 
DIODES 

•MJEll03 	 3/1.00 
MJ300l l.30 
2 N2222 6/1.00 
2 N2369 6/1.00 
2 N2905 4/1.00 

• 2N2907 15/1.00 
2 N 3906 6/ 1 .00 
2N4400 6/1.00 
2N4443 SCR 3/1.00 
l N4004 15/ l .OO 
1 N4007 1 O/ l.00 
lN41 48 (1N 9 1 4 ) 20/1.00 
3 N20 1 V H F Pre amp .80 
040Cl Power Dari· 8/1.00 
E N930 .20 
IN7 46 .25 

* Ho use numbered 
a nd P.C . Lead 

PC BOARDS 
4 d1q 11 PCB toi FND800 o r 807 2 .50 

6 d1q11 PCB toi FNOSOO 01 807 3 .50 

4 dl(Ji t PCB for DL 707 1.50 

6 <1 11111 PCB for D L 70 7 '2 .00 

4 diqi t PCB t o r F ND503 o r· 5 10 2 .00 

6 <J 1wt PCB !or F N0503 0 1 5 10 3 .00 

4 d 1y 1t PCB !or DL 74 7 2.50 

6 c!iqit PC B fo r D L 74 7 3 .00 

4 dt~Ji t PCB for D l 727 or 72~ 2 .00 

6 d1~it PCB 101 DL 727 or 728 3.00 

4 diq1t PCB fo r F N0359 or 70 1 75 

NOTE : All PC Board s are mu lt iplexed 

for add ing additional digits. 

I
ORDER BY PHONE . Charge your 

l Come Visit Our Retail Store . order t o BankAmericard or 3717 Lincoln Court, Garland, Texas 
Master Charge . Tues. - Fri. 10 AM to 6 PM 

USE OUR TOLL FREE WATTS Sat. 10 AM to 3 PM 
CLOSED MONDAY1-800-52 7-2304 *·**** 	 **** ... 

LINEARS 60 Hz = L(•)(•)K 
LM301 30 
L.M30/ 30 Crystal Time Base Kit_ Kit 
l M309K 95 
t M311 85 enables a MOS clock circu it t o op
lM3 !7 I 85 erate from a DC power so urce. Idea l 
LM380 !8 p111I 15 for car, camper, van, boat, et c.
LM 3900 30 
LM7 10 25 60H z output 	w it h an accuracy of
l.M 711 25 
LM723 40 .005% (typ. ) Low power consump
LM741 25 t ion 2.5 ma (t yp.) . Sm all size w ill 
LM748 25 
NE553 1 !15 f it most any enclosure. Single MOS 
NES!:iS .40 IC osci ll ator/d ivide r chip 5- 15 volts 
NE. 556 ~15 DC operat ion . 
NES65 95 
NE566 95 ONLY$ 5.95 
NE~6 7 I 10 
1458 49 2 for $10.00 
RCA3043 75 
75491 .30 
75492 .30 NOW! For the Dallas 

Area Residents. 
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SPECIAL FIVE * STAR EDITION 

~ Check the Stars for Special Values * 

Still the Biggest, Brightest, "Bestest" 
.5" LED, 6 DIGIT AC/DC ALARM 
CLOCK KIT & ELAPSED TIMER 

$19.95 Complete 
• PC Board Drilled &Silk Screened (Includes Xtal Time Base Circuitry) 
• 5375 Nat. Clock Chip & Fairchild Displays 
• Includes EVERY part required for clock and all options except Cabinet 

and Crystal Time Base components. If desire d, see below. 
• Brightness Control • 24 Hr. Alarm w/snooze 
• Freeze feat. on every mode • 0-60 Min. Elapsed Timer 
• Field Tested over I Yr. • 12 Hr., 60 Hz oper. 
Most Important - Complete Instructions, schematics Pictorials, layouts 
- everything for trouble free assembly 

OPTIONS - XTAL Time Base Components - $2.95 when purchased w/c lock 
Wood Clock Cabinet (A) - $4,00 

WOODEN CLOCK 
CABINETS 

Includes: Filter & Back 

Walnut Grain or 
Black Leatherette (A only) 

$5.00 ea. 
Dimensions (Inside) 

A - l -13/ 16"H, 51/i''W, 4'!."D 
B - 1 %"H, 43A''W , 4%" D 

Extra Filters--Red, Smoke 
Blue, Amber, &Green - $.60 

AC/DC - ALARM Clock Kit - 12/24 Hr. 

$7 50 quantities
• of 1-5 $6 50 quantities of 

• 6 & up 

• Displays Hrs. & Min. - Switch to Min. & Secs. on Command. 
• AM / PM Indication • Field Tested for 6 months 
The kit will include a 5316 National Clock Chip, 4 Flourescent Display 
tubes, all electronic components, switches, controls &complete instruc
tions, specs, etc. for clock and all optional Features. Other parts required 
or if desired are as follows: 

• PC Board, Drilled - $3.00 
• Xformer (lor AC oper.) - $1.00 
• Speaker Alarm Kil - $2 .00 
• Plexiglas Case (Kit) - $2.00 w/purchase of clock 

CLOCK CHIPS 
MM5314 .. $3.50 
MM5316 .. 3.50 

TRANSFORMERS 
Plug type-12VAC 250MA .. 2.50 
PC Mnt..12VAC 250MA 1.50 

iC MA1003 MOBIL CLOCK MODULE * 
(National) 7 SEG LED DISPLAYS 

MM5387 (Hi Cur. 5316) . 3.95 
MM 5375 . . 3.95 
moot .. 1 95 
CT7010 . . . 6.95 

IC SOCKETS 
8,l4,16,l8 Pin 
24 Pin & 28 Pin 
40 Pin . 

5 lor 1.00 
3 lor 1.00 
2 lor 1.00 

Bkt Mnt. 5VAC 6 Amp . . 4.95 

DIODES 
IN4001 -IN4 007 Mix 50 lo r 4.00 
IN914 or IN4148 . . 20 lor I.DO 
2.5 Amp 1000 Volts . . . 5 lor I.DO 

$21.95 

Floresce nt Display gives Color Choice 
(Red, Blue, Green or Yellow) 

when used w/corresponding Color Filter 
Includes - Module, Switches, Filter & Specs 

.33" Type 707/ MAN-l 14 Pin Dip 
Common Annode or Cathode 
$.59 ea. 10 for $5.00 

ADJUSTABLE AC VARIABLE 
VOLTAGE CONTROLLER 

$4.95 ea. 

60 HZ. CRYSTAL 
TIME BASE KIT 

$4.95 

.. 6 Digit LED Stop-Watch Kit ¥ 
Split Time $29.95 complete Taylor Time 

110 Volt - 10 Amps 
Use with Digital Clocks 

for 12VDC or Portable Operation 
KIT INCLUDES: 

FEATURES: Reads minutes. seconds. & lOOths ol seconds 
6 bright easily readable digits 
Needs only 9 volt Xistor battery 

KIT INCLUDES: •HAND HELD CASE DESIGNED FOR ABOVE 
• latest Technology lntersil Mos Chip # 7205 

USES - Motor Controller, Dimmers, Any Variable AC Voltage Application 
PC Board , 5369 Divider Chip 

3.5795 MHZ XTAL & 
All Other Parts 

Complete Instructions 

• 3.2768 MHz Crystal •Variable Trimmer Cap
• 2 mini slide &3MOM . PB Switches 
• 3 pairs (6) digits) Double Digit LED Displays
P.C. BOARD for above and all components 

Voltage Regulators 
Positive-To 220 Pkg. Negative-To 220 Pkg.

7805 .. . ". " $1.00 7905 . . . $1.25 

\~\., THE BIG ONE 
~''I.\'J .8" LED Alarm Clock Kit 

Dual Range DIGITAL Voltmeter Kit 
$39.95 Complete

7806. . I.OD 7912 . 1.25 
7812 .. 1.00 
7815. . . . 1.00 7915 .ri,:j Pkg. 1.25 

0 to ±.2 Volts DC - 0 to :t 2 Volts DC 
7824 . 1.00 LM309K . 1.25 

LED'S simple 1· =00 / a· .·a~llconstruction _ "i H IJ 
$17.95 

Complete 
• Features latest Technology DVM chip set 
• Non Critical Comp. 

Jumbo Red LED's .... 10 for I.OD 100 for 9.00 M• I • High Noi se Rejection 
25 Pk. LED's Asstd. Sizes & Colors 2.50 1'1"4 1 "'r<'""":-"r"nnrir"nnnnnrinnn2~ I • Accuracy to within .001 
Bi-Polar LED Red / Green 1.00 Contains - P.C. Boards; 4-large .50 Fairchild Readouts; 

Transistors Bridges Display Drivers; Op-Amps; Inverter; all electronic comp; 
2N2222A . . . . . . . .. 4/ 1.00 l 'h Amp 200 volt .. 3/1.00
2N3904 type NPN . . 8/ I.DO 6Amp 600 volt . 312.00 
2N3906 type PNP 811.00 25 Amp 200 volt . . . 315.00 
2N3055 (NPN,T0-3) . . .75 Prescalers 
2N4904 (PNP,T0-3) .85 95H90 . . . . 8.95 

11C90 .. . 14.95 

Includes: Features: 
• Hrs. & Min . SwitchPower Supply, Speaker, 

IC Socket to Min. & Sec. on Command 
PC Board, Clock Chip, Switches 
Fairchild .8" Display Module, 
xistors, resistors, capacitors, 

• 12 Hr. - 24 Hr. Alarm 
• 10 Min. Snooze 
•AM/PM Indicators 

Switches, Pots; Complete Instructions and Specs; & DVM 
Chip Set. 
Requirements: Power Supply w/+5V, + 15V and -15V. 
OPTIONS - Set/Precision Resistors for Increasing Voltage 
Range up to 200 Volts - $2 .95 

Complete Instruct1ons • • Sleep Output 

OPTION - Wood Clock Cabinet (B) - $4.00 w/purchase of clock 
NOTE - Complete Specs, Schem. etc., for Multi-Meter 

The SUPER COMPACT 
$13.95 Complete 

In cludes All Parts, PC Board 
Power Supply & Case 

Colors: Black , Silver, or Gold 
Size: 4.75" x 1.8" x 1.4" 
Material: Extruded Alum . 

'~ .· r,•_ >" • 

BankAmericard-Master Charge
Minimum $10.00 on Charge 

Call Your Order In For 
Immediate Shipment 

201-755-0590 
Effective after Sept. 11th 

Hrs.: Mon. thru Friday - 9:00 A.M. to 6:00 P.M. 
Tues. & Thursday - 7:00 P.M . to I 0:00 P.M . 

6 DIGIT LED MOBILE 
Clock Kit & Elapsed Timer-----....... """"' ~c~iQuartz Crystal Controlled , .. 1 . - ·. _....

12 Volt DC or AC operation -~· ,. 1~_.. _ \ 
· ~ 

$27.95 Complete 

• Protection from noise (l ess 9V battery) 

OPTION - Temperature Ind. Front Panel - $3.00 Terms & Conditions: Orders must incl. Ck. -
No COD's - Add $1.00 handling for orders 
under $25.00 - Outside Cont. USA add Total 
Postage - 10%Air Mail - N.J. resid. add 5% Tax 

& High Impulses • Size 4" x !'!." x 4\l" 
Features: 
4-large .4" LED Displays 
12124 hour Format 

• Display Blanking Capability • Rugged High Impact ABS 
• Battery Back-Up Capability • Recessed Front Switches 

OPTION - AC Adaptor $2.50 - '··351 Rahway Road, Edison, N.J. 08817 ijlllHOBB-Y-TRONIX, INC. Phone: 201-755-0590 - Phone effective 9/12/77 
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POPULAR ELECTRONICS PE9773 
USE ONLY ONE CARD PER PE RSON 

Learning more about a prod
uct that's advertised or men
tioned in an article in this 
month's issue is as simple 
as one, two, three. And ab
solutely free. 

1
Print or type your 
name and address on 
the attached, card . 
Use only one card 

per person. 


2
Circle the number(s) 

on the card that cor

respond to the num

ber(s) at the bottom 


of the advertisement or arti 

cle for which you want more 

information. 

(Key numbers for advertised 

products also appear in the 

Advertisers' lndex.J 


3 Simply mail the card , 

and the li t erature 

will be mailed to you 

free of charge from 


the manufacturer. 


NAME _____ ____________ 

ADDRESS___ ____________ 

CITY STATE Zl~---
(Zip Code mu st be in cluded to insure de l ivery .) (V oid after Nov . 30 , 1977) 

Do you own any of the fo llow ing? 
a. 0 Digital VOM b. 0 Multimeter c. 0 Function Generator 
d. 0 Osc illoscope e. 0 Frequency Counter 
f . 0 Transistor Tester g. 0 Microcomputer H. O None of the above 
0 Please se nd m e 12 iss ues of Popul ar El ect ro n ics for 56 .99 and bil l me . 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 
46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 
61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 
76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 
91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 

106107 108 109 110 111 112 113 114 115 116 117 118 119 120 

·---------------------------------------------------------------' I 
1 POPULAR ELECTRONICS PE9772 

USE ON LY ONE CARD PER PERSON 
NAME_____________ _ _ 

ADDRESS_ ________ _____ 

CITY STATE ZIP_ _ 
(Zip Code must be included to insure de livery.) (V o id after Nov . 30, 1977) 
Do you own any of the following? 
a. 0 Digital VOM b. 0 Multimeter c. 0 Function Generator 
d. 0 Osc illoscope e. 0 Frequency Counter 
f. O T ransistor Tester g. 0 Microcomputer H. 0 None of the above 
0 Pl ease send m e 12 issu es o f Popul ar Electron ics for 56.9 9 and bi ll m e. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 
46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 
61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 
76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 
91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 

106107 108 109 110 111 112 113 114 115 116 117 118 119 120 

--·-·----------------------------------------------------------POPULAR ELECTRONICS PE9771 
USE ONL Y ONE CA RD PER PERSON 
NAME__________ ___ _ ____ 

ADDRESS___________ ___ 

CITY_ _____STATE_ ___ ZIP_ _ _ 
(Zip Code mu st be inc luded to insu re de livery .) (Vo id af ter Nov. 30, 1977) 

Do you own any of t he following? 
a. 0 Dig ita l VOM b. 0 Multimeter c. 0 Function Generator 
d. 0 Osci ll oscope e. 0 Frequency Counter 
f . O Transistor Tester g. 0 Microcomputer H. 0 None of the above 
D Please se nd me 12 issu es o f Popul ar El ect roni cs f o r 56 .99 and b ill me. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 
46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 
61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 
76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 
91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 

106107 108 109 110 111 112 113 114 115 116 117 118 119 120 



First Class 


Permit No. 217 


Clinton, Iowa 


BUSINESS REPLY MAIL 

No postage necessary if mailed in the United States 

POSTAGE W ILL BE PAID BY 

~uularElectronics 
P.O. Box 2905 

Clinton, lo\Na 52732 


·---------------------------------------------------------------~ 

First Class 


Permit No. 217 


Clinton, Iowa 


BUSINESS REPLY MAIL 

No postage necessary if mailed in the United States 

POSTAGE W ILL BE PAID BY 

~uularElectronics 
P.O. Box 2905 

Clinton, lo\Na 52732 


·------------------~----~-------------------------------------~-~ 

First Class 


Permit No. 217 


Clinton, Iowa 


BUSINESS REPLY MAIL 

No postage necessary if mailed in the United States 

POSTAGE WILL BE PAID BY 

~uularElectronics 

P.O. Box 2905 
Clinton, lo\Na 52732 

This unique four-disc album is interesting, easy to 
comprehend, and instructive. It is the first project of 
its kind lo approach the understanding of music 
through its basic elements: rhythm . . . melody .. . 
harmony . .. texture . 

Written and narrated exclusively for Stereo Review by 
David Ra ndo lph, Music Director of the Masterwork 
Music and Art Foundat ion, this fascinatin g set of 
stereo records will help you become a more soph isti · 
cated, more knowledgeable listener. 

In the GU I DE TO UNDERSTANDING MUSIC , David 
Randolph first di scusses, by means of recorded narra 
tion . how the composer uses and unifies all the basic 
musical elements. After each musical point is made 
in the narration, a musical demonstration of the 
point under discussion is provided. Thus you become 
a part of the creative musical process by listenin g, by 
understanding, by seeing how music's "raw ma · 
terials" are employed by composers and performers 
to attain their highest level of expressivity and com 
munication through musical form. 

FOUR LONG-PLAY STEREO RECORDS: 

Record 1-The Elements of Music. I . Rhythm, 
2. Melody, 3. Harmony, 4. Texture . 

Record II-Sense and Sensation in Music. (The In
struments of the Orchestra.) How Music is Unified. 

Record 111-Form in Music. Words and music. 

Record IV-Can Music Tell a Story or Paint 1 Picture? 
The Interpretat ion of Music . 

The GUIDE TO UNDERSTANDING MUSIC contains 
OVER 200 MUSICAL EXAMPLES which have been 
careful ly chosen lrom among thousands of record 
ings by major record companies as the best illustra 
tions of musical points made in the recorded 
narration . 
FREE BOOKLET INCLUDED. The accompanying book
let is a valuable complement to the album. It pre 
sents David Randolph's straightforward professional 
approach to music . . . as well as advice on how 
you can make the best use of the album. 

The exclusive four-disc recording is available from 
Stereo Review. The special low price is just $21.98, 
postpaid, for all four 331/, rpm stereo long-play 
records. 

HERE'S HOW TO ORDER 

CASH: Mail your order along with your 
name, address and remittance in the 
amount of $21.98. Residents of CA, CO, 
FL, IL, Ml, MO, NY STATE, DC and TX 
add applicable sales tax. 

CHARGE: To your American Express, 
BankAmericard, Master Charge or Din· 
ers Club account! Mail your order, 
name, address, credit card # and ex· 
piration date (Master Charge customers 
include 4-digit Interbank # above your 
name). Be sure your signature is on 
your order. You will be billed at $21.98. 

OUTSIDE U.S.A. ALBUM IS $26.98. 
ORDER FROM: GUM, CONSUMER 
SERVICE DIVISION, 595 BROADWAY, 
NEW YORK, N.Y. 10012. 



Ir, J . C. PENNEY' S . · · 1 S•Tr-ack. 
' TAPES12905 E!.~~~.~!.~~To,

design you r own quality 
tape sys tt.'m! Automati c or 

• 115 VAC fan-l~r~~~~!nt rni~~i~~lt~rti o~ig~~~'. 
cooled motor Pla>·e r shuts off au t omnt 

ica lly whe n tape is r e • Slldes easily mo ved. Built-in Jow-di 11 tor.
Into modular tion prenmo nnd wow free 
ca.blnet moto r. With input & output 

cnble:1 . Requires ex terna l 
• Shielded powe r 11upply. With in!ltruc 

preamp 	 tions , Siui !) x 6 x 3l/-. ". 
Wt. ·1 lbs . Cat. No. 9£30-10 

~ SPECTROL "SKINNY-TRIMS" o ,iHM~. 

Q 3/8"Sq. POTENTIOMETERS ~ Ug . 
~tr-H3 $~ l9 0 9£3863 ~y~Tu;; upright, Ej ~~ • 

ANY FOR 0 9E3B64 2s Turn fl•t , 8 ~~K : 
• lYP4J 64 0 20 1( • 

~~~t . 5~Q~e t o l~~~~~~.n \j; 0 9[3866 ~~;:'~~urn flat, g ~g~K :: 
"ntt Ce r met co n ii: truct1on CODE · O 200K • • 
P C lends Ord e r h> Cat No •Available In all type1 0 SOOK •• 

flat nn<I Value ••Ava ll able In Cat No. 9£3863 onl)'. 0 1 Mu~•• 

i o:-<o1 

100 % metal fi lm r es1.!I · 
t ors Long lea.di!. 9£3413 

BARREL KIT #221'.'" • • 

1c8o
1
c;rs .~ ,.. 

$1.98 
Mfr u nlon risl 
four 18-pi n . 
lo-profi le. No. 

BARREL KIT #182 
JUMBO RED LEDS 

15 for $1.98 
l 00 <;.. mate r i:d, u~er ca n. 
ccll:ttion from fa c tor» 
dump.!!. :\V 10 mi ls. !-·o r 
10 0· 11 o f ri~o ject11 . r ed !l!nl'I . 
Cat. No. •9£3369 

Terms: Add postas;?e Rated: net 30 5,1LEBARREL KIT #7 • 
VOLUME V. • Phone: Wakefield, Mass. (617 ) 245-3829 
CONTROL ~-., ·, Retail: 16-JS Del Carmine St., Wakefie ld, 0 Send for FREE 
30 for ~Ji · Fall-Winter CATALOG 
$1.98 100'% ··ood C.O.D.'sMAYPOLY PAKSSi ng les , du a l11 , va.riety o f 
values. s t yles. big- o nPS  BE PHONED 
.small ones. Cat.No.19C 2421 

MINIMUM ORDER -$6.00CIRCLE NO. 49 ON FREE INFORMATION CARD
SEPTEMBER 1977 127 



FM · 1 $2.96 
Tran sml t uplo:lOO' to<my
FM r;ld10. Sonslt1ve m••a 
lnpul •equues 11vnnm1c. 

Frequency 
Counter 

$79.95 KIT 
crys!ttl o• ceramic mlkl! RunI lln J lo 9 volls 

You've requested it, and now it 's here! The CT-50 Fre

li•c•

m I I Kit SM· 3 . . .. $2.115 

IC Prices 
• SPECIAL PRICES • 

CT·SO lre-y counte< 

( 55.310 Y25 I 
-,, 
...1 I~ 

TONE DECODER KIT quency Counter Kit has more features than counters selling UTILIZES NEW MOS-LSI CIRCUITRY
~~r~~~1!~5£:~:~1.o~~~~f~ for twice the price. Measuring frequency is now as easy as 

:i.':'~:.~: ;~~o;:":,:;:.·,:~0 ·:::;::::-.;:; pushing a button , the CT-50 wil l automatically place the SPECIFIC~TIONS 

~:,~~~~u~~:~0;01 ~:~~; 10uc"10 ne::o. decimal point in all modes, giving you quick , reliable read-
 Sensitivity: less than 25MV

'""•''•"•"•;,.•T•c.•••..•..•..•..•..•..••.•·•.·.. ings . Want to use the CT-50 mobile? No problem , it runs Frequency range : 5Hz to 60MHz, typically 65MHz 


LED equally as well on 12 VDC as it does on 110 VAC. Want 
 Gate time : 1second , 1/10 second , with automatic decimal 
BLINKY KIT super accuracy? The CT-50 uses the popular TV co lor burstti point positioning on both direct and prescale~.9'!~~c~'e;1:~~a~:1~ ' freq. of 3.579545 MHz for time base. Tap off a co lor TV with Display: 8 digit red LED .4" height

:;:'~;.~::;::!~~~ .· our adapter and get ultra accuracy - .001 ppm! The CT-50 Accuracy: 10 ppm, .001 ppm with TV time base! 

~:;-..:;:;: ·~:,:·8, . , ............ ms offers professional qual ity at the unheard of price of $79.95. 
 Input : BNC, 1 megohm direct , 50 ohm with prescale option 

·--------... Order yours today! Power : 110 VAC 5wattsor 12 VDC @ 1 Amp
SUPER.SNOOP AMPLIFIER 

A super-sensoove amplohe• Wl\•Cll will ii1c• CT-50, 60MHz Counter Kit ...... . ..... . . . . .. . $79.95 Size: Approx. 6" x 4" x 2" , high quality aluminum case 

~~o~~nr:~ ~: 1;11~1~~~:;~ 11o~u~~ori~~ CT-50WT, 60 MHz counter, wired and tested .. .. . . $159.95 Color burst adapter for .001 ppm accuracy available in 6
ampliri1M". FuU2wDUsoloulpuT. •uruon6to 

12 volts, uses !Illy 1ype ol mo'.,e RcQul•es 8-~5 

OllmSpe«kllf. 
 CT-600, 600 MHz prescaler option for CT-50, add. $29.95 weeks. CB-1, Kit . .. . . ..... . .. . .. .. .. ... . .... $14.95 

Compl•!e Kil. BN-11 . . .... . .... $4.96 


VIDEO TERMINAL SIX DIGITMUSIC LIGHTS KIT CAR 
See mus.<c come 11h111I J t1H10te111 hgllts

llicke• w111> music o• voice One hgh1 tot 
 KIT $149.95 CLOCKlows. one !or1llenud.11V1geM!lone lorl lle A compact S x 10-inch PC card \hat requi res on ly an ASC II key · -- 12/24HRhiglls. Eaen cna11nel 1ndov1du1111y adJ~~l;iblC, 
11n!ldri11esupto)O(lw11ns G•v111 lo• iiarto1tS , board and a TV set to become a complete m1eraclive terminal lor KIT $27.95Oandmusic.n!1ocluD$Hndmom 

connection to your mic rop1ocessor asynch ronous interface. ll s \a . • CLOCK KITComp1111Ki1. ML· 1 .. . . $7.95 12124-Hour 12.Voll AC or DC 
many lealures are sing le 5-vo lt supply, crystal cont ro lled sync and • High Accuracy (1 rn lnulCftllonth) U .50 

SIREN KIT Want a clock that looks good enough lo r your living room ?baud rat es (up to 9600 baud) . 2 pages o l 32 characters by 16 li nes. • 6 1umbo .\" LEO readouts
Forget the competitor ·s kludges and try one o l ours ! Featur es: jumroad to and from memory. computer and keyboard.operated cursor • Easy. no.polarity hookup 


pul, runs on :J.9 110U1, uM!' 8·45 ohm

:~:,~~r: ir:r.~e~~:.~ ::~loc~~:: bo .4.. digits, Po laroid lens fi ller. extruded alim inum case availableand page con lrol, parity error disp lay and con1rol, power-011 ini  • Display blanks w1m ign 11lon .-"l>""ll•U"'in Sco lots. quality PC boards and super instrucl ions. All pan s atesoe11kor. tiali zation . lu ll 64-character ASCII display. block.type see-thru cur • Case, mounhng bracke1 mcluoed 1,,.~1 ro• oc.11 

sor. KeybOardtcompu!cr contro l backspaces, torward spaces . Une included. no extras to buy. Fully guaranleed. One to two hour as • Super instrucltons 
feeds. rev . line feeds. home, returns cu1sor. Also clears page, semb ly time . Co lors : si l11er. gold . black, b lue and bronze (specily). Complete Kit. DC-11 ..... . .... S27.95 


Powerful 1wau aud•o osconaw ol 3'1Pmt. 1 c lears lo end o f line. selects page 1 or 2, reads l rom or IOmemory. 

=~~~~~~t:,~!·u~~~1111,,~1~:i~~n~~~ The card requ i r~s 5 .1101t s at approx . 900 ma and outputs standard ;:~~~ ~l~~~iC-S. hr . on ly . : ;~: :~; LINEAR REGS TRANSISTORS75 	 12 
Compl•I• Kii, CP0·1 ........ . . $2.60 ohm compos le ll ldeo. DC-5 with 10 min . ID timer.. . . 525.95 555 .50 	 309K .99 NPN 2N3gQ4 type 10/$1.00 

340K-12 .99 PNP 2N3906 type 10/$1.00
•·---------· ~~~~~~. ~~~~mbled and Tested. : : ;~~~::; Mobile Version . DC-7 . ...... : .. . . 525.95 556 ..75


Assembled and tested c locks available . add 566 1 49 7805 .99 NPN Power Tab 40W 3/$1.00
POWER SUPPLY KIT 7812 .99 PNP Power Tab 40W 3/$ 1.00 

vld&S v~ri110le ::tlS von a ill 2ronil llfld ~s 7815 .99 FET MPF-102 type 3/$2.00 
vo!!' al \ amp. 5emv lo;wl 109u!nho11, good
hneflng11ndsmell slu1 1(11l<1U1ronslo•m.i•s 

Comple1e 1r ip le •&gu!ll!ll<IPOWmsupp!yp10. 

78MG 1.50 UJT 2N2646 type 3/$2.00 
Aequi tes6-8V 111amp and 1810 30VC T 723 .49 2N3055 NPN Pow er .75 
Complell Kil. P5 · 3LT ... ,,.,, .. $6.95 

rrlrTISfHJ EllEl[JirllrJi[JS 
BOX 4072A ROCHESTER, NY 14610 1716} 271 ·6487 

r----------------------, 

I World's LowestI 
I 
I 
I 

1 MEMORIES ·----
I Rims 

745200 2.95 
2102 1.2S ·X

I 2102·1 1.SO ·X· 


Proms


I 8252315123 1.95 * 

825129 3.25 


I Others 
TMS 3409 2.00 

I MM 5013 1.50 
NS 5250 1.50 
NS8619 2.00 
MH 0026H 3.25 

TTL 

7400 .12* 
7402 
7403 ·.14 " * 
7404 .16 -li· 
7407 .20 
7410 .12 * 
74 16 .25 
7420 . 12 * 
7427 .25 
7437 .20 
7438 .20 -x
7440 .12-x
7441 .&S·li
7445 .60 
7447 .65 ·X· 
7450 
7451 ·. 14" ·X
7473 .28 
7474 
7475 ·.40" 
7480 .JS +:· 
7483 ... 
7486 .28 
7490 .45 
7493 .44¥.· 
7495 ... 
74107 .29 

Ordct M m1m11m S10 00 Ac/fl S 1 00 \t"plJ1nc1 111 1a 11,1111/l'1!0/, 11 ,1111•• ,,,,, n r(lf'' C .1ldil""• ' 

ta~ All O•ders sll1ppNJ rust C1.1ss w 1/f11 n ;i.11w,,r~ 

Order lhe famous Iasis 6 volume Programmed Le;irn1n9 Cou1 se Microcomputer Des ign 1s a Snap " lor 
S99.SO and receive a special SIO 00 cred11 on i'lny g roup of IC 's 

CMOS 

•OO• .16 

• 002 16 
4006 .90 
4007 .16 
4008 .10 
4011 .16 ·Y.· 

4012 . 16 ·X· 

4013 .Jo .;.:. 
401 5 .80 
4016 .35 
4019 .70 
4020 .90 
4021 
4023 

.95 

. 16 * 
4025 .20 7.' 
4027 .40 
4028 .60 
4030 .JS 
4040 
4042 · . " 60 
4043 .75 
4044 .70 
4049 .JS -!i· 
4050 .Js·;:. 
4066.... .65 

.35 
4071 . 16 
4073 .16 
4075 .16 
4516 .BS 
4528 .75 

LINEARS 

OM8820JJO 1.7S 
NE536T 2.7S 
NE555V .43 
NE556A .90 
1456V .75 
1458V .52 
566V 1.2S 
567V 1.JS 
540L 2.00 

1(·~•fl<'1l1' a<ld 6 ,, ~ ~ sales 

"SPEAKER SYSTEM KIT.., 
"'z 

\ . 
& SOCCER game, 

levels, LED scoring, joystick 
New and guaranteed. Sh. Wt . 

~~~~o;:~is'. ~~:2 ·:0~~re~:~~,~~:. 
7HU70285... $13.88. .. 3 for $38.88 

B& F does it again! New speakers and 
enclosures, includes 8" woofers, 4" 
dome tweeters. enclosures l21x12x8.. ). 
gri ll cloth , crossover networks, insula

3 . TV Tennis, kit form . AS IS. 
7ZU70250 . . . $8.88 ... 4 for $28.88 

COLOR TV CHASSIS 
TS-951 & TS·953 

We have found some 2,000 damaged TV 
chassis, of the sam e types that 

2 skill 
controls. 

8 Lbs. 

5 Lbs. 

we have 
vi tion hardware and instructions. A com 
Z plet~ kit with quality components at low 
<( B&F prices . .. this system sells for S198 
~ if bought ready -to·go. Now you can 
<( afford quality sound! Qua ntity Limi ted.
'° Sh. Wt. 45 Lb . 7ZU70283 .S69 .95/pair 
~ Save $100! . . 10 kits for $599.00 
-' CABINETS Only Sh. Wt. 30 Lbs. 
~ 70B70197 . . .525.00/pair 

~ ~3~PEL~ rf~ ~" -/
KITS I/ -.., 
1 C.B. POWER SUPPL Y KIT 
A complete ki t which puts out 10 to 24 
voc at 2 amps regu lated 11 5 VAC in . 
Can be wired for constant 13.8V OC , i
deal & compact for C.B Kit includes PC 
board all compone nts and instructions 
just add yo ur case Super bench supply! 
Sh . Wt. 6 Lbs . 6C60498 $14 .88 

.J 2 . 5 A . 10 to 24 VOC Reg. P.S . KIT 
~ A simple . adjustab le regu lated power 
<( supply . Kit includes all comp onents 
u vector board and complete schematics. 

~ :~1 Wt~ a1d5d ~~;h~ ~~~ .16~~~~r.ful!514 .88 
IL 3 . Oto 30 V AC/DC P.S. KIT 
a: This high amp adjus table supply is an6 easy kit to bui ld It includes a 0 to 40 
" volt auto transfo rm er (VariacRI . 24V SA 
~ xfo rmer and all other componen ts. Use · 

0 ~~Iv a~s: ~e~t~~;rn:~~~~e~u~r:~~h ~~~~~-r 
~ Sh. Wt. 9 Lbs . . . 6C60462. . $14.50 

~ POSTAGE : l'l••o .w ,,./,//"'·"''"''"DiR;., ~ (617) 531 -5774 0 
B&F*B&F•B&F•B&F*B&F*B&F .. ~~~ D&F*B&F'*B&F*B&F*B&F*B&F• 
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been se lling these last few months. ex - "" 
cept that these have cracked PC boards. 
bent fr ames, etc . The parts alone are 
worth 5 times as much as o ur low prices. 
All units are so ld "AS IS ", all sal~s are 
final. 13 .. & 15" include tuners. 
Sh. Wt. 12 Lbs. each. 
13" Chassis .70Z70059 . 
15" Chassis . 70270060 . 
17" Chassis .70270061 . 
19"' Chassis .. 70270062 . 

SPEAKER 
CABINETS 

!.. 
Super Bass Tones! 

Air suspension e ncrosures 
designed for direct dis· 
persion of the hi -freq. 
driver. & wide dispersionl~=···cf the woofer . By adding 
the proper speakers you can o ta m a 
freq . resp . of 30 to 20.000 Hz . S ize: 17" 
x10Y1 x9 Y1 deep. Requires an 8" woofer 
and a 4" tweeter. Sold with grill cloth & 

~nh~~~-ti~~s~~sb~i.ld0~~~: ~:.n76~1;;;'isc)o ,,, 

$25.00/pair .. or . $80 .00 for 4 pa irs ~ 
Phone O rders ::O 

Welcome! Send Orders To : ~ 
5 ,C~-~V74 B&F ENTERPRISES~ 
Just Say. Dept . "P" g 
Charge It! 119 FOSTER STA EET ~ 

F~~~hc:;~~~· PEABODY, MA. 01960 ~ 

,, 
:i: 
0 
z 
"' 0 
lJ 
0 

lJ 
VI 
"' 
:E 
~ 
n 

~ 
~ 
-

'.:: 
...i 

74109 
74116 
74123 
74141 
74145 
N\50 
74151 
74152 
74155 
74157 
74160 
74 161 
74163 
74165 
74173 
74174 
74175 
74 177 
74180 
74181 
74191 

74 193 
74194 
74195 
74198 
9602 
9:\00 
9312 

SCHOTTKY 

74501 
74502 
74537 
74538 
74585 
745113 
7451 38 
745139 
745140 
745151 
745153 
745 172 

.JO 
1.50 
.45 ·i:· 
.80 ·:0:· 
.65 ·X· 
.60 ·K 
.60 
.90 
.60 
.60 
.75 
.60 ·X· 
.7S ·X· ... 

1.25 
.75 
.75 ·X· 
.70 
.65 -)(· 

1.50 
85 

.70 ·» 

.70 * 

.85... 
1.25 
.so -A· 
.7S 
.70 

.25 

.25 

.40 

.60 
2.00... 
1.50 
1.50 
.50 

2.00 
2.50 
4.50 

745174 
745175 
745181 
745197 
745257 

H1GH SPEED 

HHOO 
74H01 
74H04 
74HIO 

74H11 
74H40 
74H51 
74H52 
74H74 
74H 103 
74H106 

LOW POWER 
SCHOTTKY 

74LSOO 
74LS02 
74LS08 
74LS10 
74 LS27 
74LS73 
74LS75 
74LS151 
74LS153 
74LS157 
74LS l 61 
74LS163 
74LS164 
74L$174 
74LS175 
74LS193 

74 LS221 

74LS251 

74 L5253 

74L52S7 

74L5258 


2.05 
2.0S ·X· 
2 .95 
2.20 
I .SO 

.20 


.20 


.20 


.20 


.20 


.20 


.20 


.20 


.40 


.50 


.50 


.23 .;.:. 

.2J :,\· 

.23 ·X· 

.13 ·"..:· 
,25·;.:. 

.4S 

.65 

.15 ·)(· 

.75 ·» 

.75 ·:.I· 
1.00 ·X· 
1.50 

I .SO 

1.00 ·~:· 

1.50 
I .SO 
1.2s ·:..0 

I .SO 
1.50 
l .2S ·X· 
1.2S·ii· 
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S.D. SALES co. P.O. BOX 28810 -D DALLAS, TEXAS 75228

* lmsai - Altair "A" Compatible Kits * 
Z-80 CPU KIT COMPLETE - $149. kit 

Z-80 Chip & Manual $49.95 Z-80 Manual - $7.50 Separately 
From the same people who brought you th e $89.95 4K RAM KIT . We were not the firs t to introduce an lmsai/Altair compatible Z ·BO Card, but we do feel that ours has the best design and 
quality for the lowes t price! 
The advance feat ures of th e Z ·BO such as an e11panded set of 158 in structions. BOBOA software co mpa1ibilitv. and operation from a single SV OC supply, are a ll well known. What mak~ our card 
different is th e extra care we took in th e h ardware design. The CPU card wil l always s top on an M1 state. We also generate TRUE SYNC on card , to insure that the rest of your syste m fun ction s 
properly . Dynamic memory refres h and NMI a re brought ou t for your use . Believe it or not, not a ll o f o ur co mpetito rs have gone to the ext ra trouble of d oi ng th is. 

:: sa~;~~~ ~~sak;:rii;tcWr~~c~~~~r::r :i! ~:~J~~~~S.aD~a~~~~:~~r:~~~~~~~o~! ~~r t~~~~ t~~~s~~~ni~l:i~:eescz~1s:go~aonu~ai=~~ea~i:~~t~~K~i:~i:::d4!it~i~w~~uj~~~s!~r~~ you order early. Al l orders will 

THE WHOLE 
WORKS 

4K LOW POWER RAM BOARD KIT 

$89.95 
lmsa i and Altai r 8080 plug in compatible. Uses low power stat ic 21 L02- 1 500 ns. RAM 'S. Fully buffered, dras· 
tically reduced power consumption, on board regula ted, all sockets ancl parts included. Premium quality plated 
through PC Board . For 250 ns RA M's add $10.00 

NEW! DESIGN CONSOLETTE KIT - $89.95 
S.I). Sales announces th e inex pensive way lo heat th e wire wr:ip jungle. Our lat es t kil gives you 12-l soldl'rlcss quic k co nnec t terminals. enough 
for eight 16 pin ICs and provides 50 x 8 common ln1 " matri\ . Il:is reg11l;1ted +)V J)C and +/- I SVDC. all at I ,\~IP . Voltage regubtiun at I 00';. 
Also includes :i pulse generat or variable from ! Ohl to 50111h 1. :ind .OJ 'l'l'. lo 100 11:111 0 seconds . Ge 11c r:1lor outpul is +SV. In kit form only and 
includes all parts . soc ke ts: front panel me:isu res 7 1

-1 .. x8 1-1· · . and h:i rdw:irl' . rasr not :1v:1i l:ihl e. 

HOME KIT CAR/BOAT KIT "(v)J1 

$34.9 5 9Wl"l 
1Ttt.l4i.c to rowi ~! 

MUSICAL HORN 
Musica l Horn K11 for car. h o.11 , 0 1 home. Plays any tune f10m Mozart to Led Zeppelin . 
Change tunes in seco nds; com pl ete so lid s ta le electronics. Stancl:ud or custom tunes 
ava il ab le at SG.95 eac h lyou sup ply us wi th th e shee t music - we supply elec tronics 
fo1 you r favori te tune.I One song su ppl ied with or iginal orde r. S1;md;ud 1tmes avai l · 
able : DIXIE - EYES OF TEXAS - ON WISCONSIN - YANKEE DOODLE DAN DY 
- NOTRE DAME F IGHT SO NG - PINK PAN THE R - AGGIE WA R SONG - AN 
CHO RS AWAY - NEVER ON SUN DAY - BRIDGE OVER R IVER QUI - CANDY 
MAN. 

$26.90 
Hom e kit includ es spea ker whir:h aper · 
ates fro m your d oor bell. When door hell 
is pushed your favorite tune is pl ay ed. 
Car/boat kit DOES NOT include speak 
er. Uses standard Bohm PM spe;i ker. 
All ow 4 wee ks d eli ve ry on both kit s. 

6 DIGIT ALARM CLOCK KIT J.ihr.ii.d Quattlif.I(I 
$9.95 kit 

We made a far11 as ll c kit eve n he1 1e1. Redes1gn1?d 10 take adva n tage of th e la test adva nces in IC tec hno logy . Fea tur es: Litronix Dual }';" disp lay s, Mos tek 
50 250 super clock ch ip, single LC. seg ment d ri ver, SCR digi t drivers. Gr eat ly si mpl ifi ed co ns tru c t ion . More reli abl e and easie r to build . Kit includes a ll 
necessa ry part s {except easel. Fo r P.C. boa1d add SJ.00; AC XFMR ad d S l .50. Do not confuse wi th Non -Alarm kits sold by our compet ition! Eliminat e 
th e hassle - avoid th e 53 14! NE W! W ITH JUMBO LED READOUTS ! 

DI SC CAP 
1000 MFD 
Fi it er Ca ps 

S LID E SW ITCH 
POWER 

RESISTOR 
150HM 

25W 

RES ISTOR 
P.C. LE AD 

DIODES 
1 N4 148/ 1 N9 14 

Ju s1 received a good 
mixed lo t o f Nati ona l 
T0·92 p las ti c trans is
tors. PNP & NPN, eve n 
il fe w F ET's. 4 0-50% 
yie ld . Untested Asst. 

ASSORTMENT 
Assortment 

Our best se ll e r . l ncl1HI C~ 
rnin la t1l rC and ~ 1 .1 n da 1 d 
sizes, o:.lng tc .1nll rnu ltl
posilion units. Alt n ew. 

ASSOR TMENT 

100/$2. 
P.C . Leads . Al leas t 
10 diff e re nt va luti s. 
Inc ludes .00 1 , .01 , .0 5 
p lus o ther standa rd 

l"Ll!Cd 35 WVDC Up· 
right sty le with PC 
IC.ld 'i. MO'il POP Uiar va l
ue !or h obby ist s. 

·.w 5"o & 10 °0 PC 
lt:Jds. /\ qood mtx of 

BY 
CLAROSTAT 

vJ h11•s l Spcc iul• 1N400 2 - 1A 
100 PIV va lu es. 

4/$1.00 12/$1.00 75~ ea. 200/$2. 40/$1. 500/$3. 60/$1.00 

AMD-1702A 
Jlllfe 1ado1.1.f ?~ * 3.579545 

MHZ Time 
Base Crystal 

FACTORY PRIME UNITS! BRAND NEW 1 

1.5 Micro-Seconds Access Time. 

Sl .25 

10/$40. $4.95 ea. 
28 PIN SOCKETS 

3 for Sl.00 

or11..01" 
£.1'\o\1£. 0s IC 's from XEROX 

1C'> Rl'c sol\~£.O» 
p.1...\... "\\1'£.C. 

r\JI... 7400 - 9c 
7402 - 9c 
7404 - 9c 
7406 - ll c 
7407 - 11c 
7410 - 9c 
74 16 - 13c 
7420 - 9c 

CALL IN YOUR BANK
AMERICARD OR MASTER 
CHARGE ORDER IN ON OUR 
CONTINENTAL UNITED STATES 
TOLL FREE WATTS LINE: 

> ==~> 

1402 A Shift Regulator  50c 
MH0025CN - 55c 

7430 - 9c 
7440 - 9c 
7437 - 10c 
7438 - lOc 
7451  9c 
7474 - 16c 
7475 - 24c 
7486 ~1 6c 

7493 - 26c 
74121 - 22c 
74 123 - 32c 
74151 - 9c 
74155 - 22c 
74193 - 35c 
8233 - 35c 
In tel - 1302 - -l5c 

1-800-527-3460 
Texas Res idents CJ ll Co ll ec t : 

214/271-0 022 

* 11 ,000 MFD 
50WV DC 

Computer Grade Cap 
S3.00 each 

39 M FD 
16 V Mallory 

El ec trolytic 
15 for Sl .00 

FACTORY PRIME! 
21L02-1 

Not on ly are our RAM'S faster than a speeding butlet but they 
a re now ve ry low power. We a re pl eased to offer p rime new 
2 1 L02 -1 Low Power and Super Fast AAM 's. Allows you to 
STRETCH your power suppl y farther and at the same t im e keep 
th e wait li gh 1 o ff! 

500ns 8/$12.95 
250ns 8/$15.95 

MOS 6 DIGIT 
UP/DOWN COUNTER 

40 PIN DIP . Everyt hing yo u eve r want ed in a count er chip. Features: Direct LED segment driv e, 
singl e power supply 112 VDC TYPE) , s ix d ecades up /down, pre -load abl e counte r, separate pre
loadab le compare regis ter wi th com pare o ut -p ut . BCD and seve n segm ent outputs, internal scan 
osci llator , CMOS compatible, leadi n g zero bl anking. lMHZ . count input freque ncy . 

$12.95 
TERMS: 

?rloMJf ~ack 
G~! 

$12.95 
NO COD'S. TEXAS RESIDENTS 
ADD 5% SALES TAX. ADD 5% 
OF ORDER FOR POSTAGE & 
HANDLING. ORDERS UNDER 
$10.00 ADD 75c. FOREIGN 
ORDERS - U.S. FUNDS ONLY! 

Orders over $15. Choose $1. FREE MERCHANDISE! 
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For 

taster 

service 


USE 

ZIP 


CODE 


PROMS PROGRAMMED - New low prices - 13 
cents stamp brings information. Or send $1 
check for program cards, specs, PROM postage 
credit. RBH Enterprises, Box 12344, Wichita, KS 
67277. 
COMBO ORGAN 61 Note C to C includes Synthesizer 
Piano Section - 1' 2' 4' B' 16' Percussion Rotary Sustains 
- Case Vinyl and Stand. Special $325.00. Elm Systems, 
205 East 17th Street, New York, New York 10003. 

SNOOPERSCOPE, see in total darkness with 
infrared viewing device. Detailed construction 
plans, $3.50. Argyre, Box 1570, Laporte, TX 
77571. 
PC BOARDS from your art. Send SASE for info . Assembly 
Systems, Box 221, Wadsworth, OH 44281. 

CLASSIFIED ADVERTISING ORDER FORM 

2 

5 

8 

10 11 

13 14 

16 17 

19 20 

22 23 

25 26 

28 29 

PRINT NAME 

ADDRESS 

CITY STATE 

SIGNATURE 
.. 

on 

all 

mail 

8080 OCTAL REFERENCE CARD. Program your 8080 CPU 
in easy Octa l. Complete referen ce card with op codes , S
100 pin-outs, ASCII. $1.25 postpaid . ThinkerToys, 1201 
10th St., Berkeley, CA 94710. 

FREE CATALOG. Solar Cells, Nicads, Kits, Calculators, 

Digital Watch Modules , Ultrason ics, Strobes, LEDS, 

Transistors. IC 's, Unique Components. Chaneys, Box 
27038, Denver, CO 80227. 

SEEKING JAPANESE TRANSISTORS FOR CB REPAIR? 
Request list . Fuji-Svea Enterprises. Dept. P, Box 40325·. 
Cincinnati, OH 45240. 

PRINTED CIRCUIT BOARDS from artwork, magazine lay 
outs. Fast service. OMEGA ENTERPRISES, Box 48239, 
Niles, Ill. 60648. 

MICROCOMPUTER SYSTEMS. Troubleshooti ng Tech
niques-Digital Gate Decode Chart. both $5.00. Micro Info 
Assoc., Box 849, Castroville, Calil . 95012. Calif. residents 
add 6% tax . 

3 

6 

9 

1? 

15 

18 

21 

24 

27 

30 

Please refer to heading on first page of this section Ifor complete data concerning terms. frequency dis· 
counls, closing dales, elc. WORD COUNT: 15 I 
WORD MINIMUM. Include name and address. 

I 
I 

___ Words 

$2.25 (Commercial Rate) 
$1 .35 (Reader Rate) I 
$3.35 (Expand-Ad Rate) I 

0 Payment of$ - --- --- 
enclosed for ___ insertions. I 
0 AmEx 0 BAC ~~ I 
0 MC 0 Diners mm I 
CHARGE: for ___ insertions. I 
You will be billed monthly. 

Account # I 
I

Expiration Date -------
Master Charge Interbank # (4 digils above name) I 

I 
SIGNATURE MUST BE PROVIDED BELOW. I 

I 
I 

ZIP I 
PE-977 I 

260 S. FORGE ST. 
DEPT. 13 AKRON, OHIO 44327 

NAME----------

ADDRESS -------- 
CITY STATE__ 

ZIP DSend Olson Cat. 


ENCLOSE POSTAGE AND SALES TAX 


QTY ISTK ·1 D="•··· I··~ IT... 
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MIND-ABSORBING 


PROJECTS FOR 


EXPERIMENTERS 


AND HOBBYISTS 


ELECTRONIC 
EXPERIMENTER'S HANDBOOK 
Published each year by the editors of Popular 
Electronics, here's the one publication that helps 
you get it together ... with a score of build-it
yourself projects. 

The all-new 1978 edition goes 
on sale nationally October, 1977 

It will again be packed with features and articles 
and complete lab-tested instructions that are sure 
to guarantee successful days and months of mind 
absorbing projects for fun and practicality. 

This offer is being made to readers of Popular 
Electronics only. Regular price is $1.9S; mail order 
$2 .50. Save money and enjoy the convenience of 
having the .1978 ELECTRONIC EXPERIMENTER'S 
HANDBOOK mailed to you from first-off-the-press 
copies when published. Complete the Reservation 
Form and return it promptly with your remittance. 

A PRE-PUBLICATION A 
W RESERVATION FORM W 
Electronics Experimenter's Handbook 

Consumer Service Division 

595 Broadway, N.Y., N.Y. 10912 PE-977 


Enclosed is $1.50'(o.utside· U.S:A. $2) for my copy 
of the 1978 ELECTRONIC EXPERIMENTER'S HAND 
BOOK to be mailed to 'Ille in ··October, 1977 when 
published . 

Print Name-----'----~----

Address------- ------- 

CitY--------------- 

State•----------~ip._____ 

'Residents of CA, CO, FL, IL, Ml, MO, NY STATE, 
DC and TX add applicable sales tax. 

SEPTEMBER 1977 

CARTRIVISION OWNERS! Sony Color Tuner/Modulator 
plugs into Cartrivision. Record off channels not viewed. 
Record without TV on. Play into any TV without interfacing. 
$250.00. (Specify channel 3/4). D.H.V., Inc .. Box 12, Lang
horne, Pennsylvania 19047. 

ALL SOLID STATE DIGITAL OSCILLOSCOPE, digital 
memory dual trace. 1mV Dc-SMHZ. batt. operated, 2X2.5'" 
display pocketsize , complete PLANS. PICTURES. parts list 
& sources $15. Pictures-info $1 . SEECOM, Box 1274. 
Tustin, CA 92680. 

ALL TOP QUALITY BRANDS COMPONENTS. No 
down payment. 36 hour delivery anywhere in U.S. 
No-Lemon Guarantee. Allee, Bose, Cerwin-Vega, 
DBX, Infinity, Lux, Micro-Acoustics, OHM, Phase
Li near, others. Internati onal Hi-Fi Distributors, 
Moravia Center Industrial Park, Balto.. Maryland 
21206. Phone: (301) 488-9600. 
FREQUENCY LISTS: Shortwave and VHF-UHF. Military, 
Aviation, Satellite. Police , more. Sample $2.00. Catalog 50 
cents. HANDLER, Box 253. Deerfield. Illinois 60015. 

HARDCOPY: Attachment converts most electric typewrit 
ers to microcomputer printout. Free Brochure . Stout Micro
computer. Box 1573. Fremont. CA 94538. 

BOOKS AND MAGAZINES 

ELECTRONICS DICTIONARY - 688 page industry stan
dard reference filled with 18,000 up-to-date technical defi 
nitions and diagrams. Outstanding $6.95 retail value for 
$4.50 wholesale price (postage included). ANRI, P.O. Box 
3727, Torrance. CA 90510. 

TECHNICAL MANUALS - Ameco. Arri, Cowan. Giller, 
Rider, RCA Radio Callbook. Sams , Tab, T.I. Postage 35 
cents bk, ppd. Five. Madison Electronics, 1508 McKinney, 
Houston. Texas 77002. 

FREE book prophet Elijah coming before Christ. Wonderful 
bible evidence. Megiddo Mission. Dept. 64. 481 Thurston 
Rd ., Rochester , N.Y. 14619. 

BURGLAR ALARMS 

WHY WORRY about leaving car lights on? EASILY 
INSTALLED ALARM alerts, with pulsing tone. 
$12.95. CFL Enterprises, P.O. Box 415, Export, 
PA 15632. 

NEW SUPER SENSITIVE HOME/AUTO 
BURGLAR ALARM SYSTEM 
Patented Electronic Perimeter Devices 
Easily Installed by Almost Anyone. 
On guard against burglars by means of loud alarm 
triggered by break-in attempts . Almost uncanny the 
way it senses danger from unauthorized intruders. 
Requires NO switches. door cords, shunt locks. for 
traps or delays. So nearly wireless one small Control 
with sensors can protect up to 50 GLASS doors , win
dows, walls, Etc. using one single 28 gauge wire . 
Great opportunity for persons seeking professional 
protection at low cost. Send $1.00 for Full details. 

KING RESEARCH LABS, INC. 
312/344-7877

801 South 11th Avenue. Maywood, IL 60153 

PROTECTION! Build your own fire.iburglar alarm . Com
plete plans. Send $5.50 to: Triangle, Box 9244. Wichita, KS 
67277. 

Burglar.Smoke 
Fire Alarm Ca'lalog 

• Billions of dollars lost annually due 
to lack of protective warning alarms. 

FREE CATALOG Shows you how to 
protect your home, business 
and person. Wholesale 
prices. Do-it-yourself. Free 
engineering service. 

l:tt!tttlfr!IMAM~ 
Box 82802 PE-097 Lincoln, Ne. 68501 

DIGITAL 
a.oat MOVIMENT 

•·u1u11 11 1 GENEKAL OONTMOL 
RESEM'ABLE COUNTER 

o 120·VOH. 80·Hz 
• Model ~CE40~02 
• Minimum Make Time .050 Second. 

Break Tome .050 Second 
• Encloeed t~ Tamperproot Case 
o Shipping WI t Lb 

1
ff 

N-11 .,..,. 

""2"' PANEL METER 50-0-50 
UA DC MICROAMMETEA 

• Wide View Panel Meiers_,...,,__ 
• 2·3/8"x 1·13/16"Fece 
• Mounl9 In 1•;," Hole 

~- ... 
F·20 ·1•• 

. DYNAMIC DIGITAL TllANSISTOR CHE~ 
Testa trwultkn In drcull or out or circuit. The e>yn.ntt. TIW19laf0!' ChKker 
1e1a you rNlc:h tranalstc:n In wMtJnQ Circuits to 1rnpmye !he ooenit1on. n wil•t Go and No Go If CUtJenta trom 5fNI to 5Qrna. and wil ahow Cllf9nl o*I. 
electrical open and lhorl drcuita. THtl low, !Mdium and high power lnMlail'lcn 
both PNP and NPN typM. Complete with nns11tor aockel leal clC>e and leedl. 
UMS VM2 orC1 'l.Vblttefy. Size ol cue: ev.·· x 3%" • 2" 

.E:l.M. 9" 
& POWER SUPPLY 

Thil DC' power suppty wi• d9ivef IOUt IWIQ9S .OI DC vottaoa 4 .5V. 6V. 
9V and 12V. II w1•11.1ppty a luPy filtered output of one of lhflM voltaoff 
al t 50 milliampere capacity. can be used tor any DC~ SUfJJ)I'/ wltt*I 
the vona~ ranoe and capecity: such aa: operating a amal batl«HY radio;). =~:. =a~~~ 0;\7~~~~~:5bind~~

icceptawlte or banana tMJgs. With 4\11 Ft. cord end~· Size otcaae: 5.. 112·5/8"111·5/ 8" 
15.U v:,1.ue 

._, •• :-i99 

TKANSISTORIZED SIGNAL 111<Jt.CER 
EDI Special!! 

~~=.r:e~~,~~:.OU: ~dua~~~~~:S:an~~e~":; 
11peaker elao& by 1taoe. An Ideal tool tor servicing 1udio equipment: ampMfiers. 
tuners. receivers, turntables. etc. Has 2" apeakw and test leads. Uses N.55e 
9Vtransiat0t bal1ery. Size ol cue: 5- • 2·5/ 6" " 1·516".LMdf•nd lnllJuc· 
tlon1 Included. 

WH17.ll 

' F-11.1 777 

F-49626ss 
SEND FOR FREE CATALOG 
with hundreds of electronic items 

..... .. .. .... '"'"' ' s.111 1 ..... ... .. ,. , 1·· ~ ·t ..i.,.~ .. ·l·l<•l ... . 
1• .,.1&.01, 1.,,,,,. lk .,..,."." '" .• ~t ~ • ..., ... , ' " ' 1'1• ,.•. , ••111 .. ., 
l "' I 1" ,"11 , ,. .... ,.... ,,,,loo L1•t N.•t• • "'••• ''" ""',...,. l o· •• 
lot1.l. h o l •!'-'""' • '• ... ot "''I"', 1 " ' 1 • ·~ -.. 1k · 

EDI 

RESERVE 
YOUR COPY NOW 

AT THE 
PRE-PUBLICATION 

PRICE OF 
ONLY $1.50 

Defll- PE1. 490D Elston. Ctiicau. IL 60630 • Tel.: 3\2,283-4800 

CIRCLE NO . 19 ON FflEE INFORMATION CARO 131 



~·'"ft~~~ CRYSTALS ill"" 
- ·-;~~1: THESE FREQUENCIES ONLY ~--ii--L.~ 
Part /1 Frequ en cy Case /Style Pri ce 
CYlA 1.000 MHz HC331U $5.95 
CY2A 2.000 MHz HCJJ 1U SS.95 

lcv2.01 2.010 MHz HC33/U $1.951 
CYJA 4.000 MHz HC18 U $4 .95 
CY7A 5 000 MHz HC18.U $4 .95 
CYt2A 10.000 MHz HC18.U $4 .95 
CY14A 14.3181 8 MHz HC18U S4 .95 
CY19A 18.000 MHz HC181U S4 95 
CY22A 20 000 MHz HC18iU $4 .95 
CY30B 32 .000 MHz HC181U $4 .95 

XR ·::;",i~~o~~il $29.95 Special XR·2206KA T~~IEA~19 . 95 
GENERATORS EXAR XR·555CP SJ9 

AR·205 S8J0 XR·J20P 155 
XR·2?.06CP J 49 XR·556CP US 
XR·2207CP 385 MISCELLANEOUS XR-2556CP 320 

XR-22 11 CP $670 XA-2240GP J.25 
STEREO DECODERS XR -4136 99 PHASE LOC KED LOOPS 

XR ·1310CP 5320 XfH-168 3.85 XR-21 0 5.20 
Xfl. -1310EP 3.20 XR -\48 8 5.80 XR-215 6.60 
XR · l BOOI' 320 Xf\-14!19 4.80 XR-567CP 1 95 
XR ·2567 299 XA·220B 520 XR-567CT t70 

CONNECTORS 
PRINTED CIRCUIT EDGE-CARD 

.156 Spacing-Tin-Doub le Read·Oul 
Bifurcated Contacts - Fits .054 to .070 P.C. Cards 

15/30 PINS (So ld er Eyelet) Sl.95 
18/36 PIN S (Solder Eyelet) S2.49 
22/44 PIN S (S older Eyelet) S2.95 
50/ 100 PINS (Wire Wrap) S6 .95 
50/ 100A 1. 100 soacinal PINS (Wire Wrap) S6.95 

25 PIN-D SUBMINATURE 

lllis 0·2 VOC 05 per CCl11 digttal voltmeter feature s the Motorola JV2 dig1! 
DVM chip set . It has a ..r · LED display and opera tes Imm a single .. 5V 
power su pply . lheun111sprov1dedcomplcte wi1hanin1ec!ionmoldedblack 
p!as11c case compl ete w1!h Bezel. An 01.>tio 11 al power supply is av~ilab l e 

wh1 cll lits in10 rticsarne c;iseas tl1 e D·2V DVM allowing 11 7 VAC operntion . 

A. 0-2V DVM with Case 
B. 5V Power Supply 
Etching Kits 
32 XA· 1- P.C. Eich Materi~ls Kit 

enoughlorSc1rcu1ttloa1ds 

27 X A· 1-  E1c11ed C1rcu:t Kit 
Plugboards Comp1e1e ~11 - only ad (! waler 

3662 --  lj 5 x .1 5 x 1116 Epo•y glass 
P · Pattero · ~·l PC TaOs·spaced 156" 

22 /44 -  Mating connec101 tor plugboar!l -
22 pin !louble 1eadout 

8800V -- Un1~ersal M1crocompu ter /Processor 

Iffi 11 l plugl:loaro  Ei;oxyG!ass-complete® Jliif!Oi w1t11 l1ea1sink ana rnounring hardware 
• . 5.313X 10X1/llicopperc1ad 

~ ...... 
1/16 VECTOR BOARD~..:.:-:-:-:·~ 

;·,·;::. Ol "" HoleSpac1n9 P·Panern 
ParlNo L w 

l't1tN Ot1C o.w.1.1 ounx ~ P .i ~o 650 
Iti9P.:.: 02 ~ ))P ~ 50 I~ 00 

Ef'O~Y 6~P.l~ 067 .:50 650 
GLA~S lj.;p.;.: Q62 '150 850 

Hi9P.:J 067 ~ 50 l ~ 00 
l!iW iPl!6:? 850 11 00 

[Pl))y{,LM;S 169P-l.J 0fi2C I .1 50 1/ 00 
COPPEf< Cl.AO 

$49 .95 
$14 .95 

S29.95 ea. 

S 9.95 ea . 

S 6.95 ea. 

S 2.95 ea. 

S19.95 ea. 

P11ce 
2· Up 

1 i? 1 5.i 
J69 ..!3 2 
201 '"'256 2 ~ l 
50.: .: 5 ~ 
923 '" 08() '" Iffi ·tl ISLIT-N-WRAP WIRE WRAP TOOL 

W Jli!i11Jl • Slits and opens insula ti on exposing 
bare wire 

• No pre-cutting or pre -stripping. 
• Cornes comple te with two - 100 fl spoo ls #28 AWG wire 

Model P180 $24.50 

MICROPROCESSOR COMPONENTS 
8080A CPU $19 .95 8228 System Controlle 1 Bus Ori ve1 SI0.95 
8212 8 Bit Inp ut/Ou tp ut 4.95 MC6800L 8 Bil MPU 35.00 
8214 Priority !nterru p! Control 15 .95 MC6820L Periph . Interlace Adapter 15.00 
8216 Bi-Di rectional Bus Driver 6.95 MC6810API 128 x 8 Slatic RAM 6.00 
8224 Clock Generator /Driver 10.95 MC6830L8 1024 x 8 Bil ROM 18.00 
CDP1802 ·with use r manual 39.95 Z80 CPU 49 .95 

CPU 'S RAM 'S 
51}60 Su:ie• ~ 00 3 2 ~ 95 · 101 256 · 1 S:):•t s1.:9 
sosoi:. Su::frBODS 1995 2:01 256 • ~ S:;:1c 595 
2650 8 BIT MPV 2650 2102 lQ? :. 1 St3t 1: 1 7~ 

SR 'S 21lli •SWO ~0% .. Dynrir11 1c .:95 

250~ SJ95 211 \ 256 ' ~ S1,11 1c 595 

25 18 iOO ; ;.qg Jij ,: Slc11i C 2.:9 

2519 '" 810 1 255 , J S:<111 ~ &% 
252~ 2.\9 8111 .!56 ' ~ St<i!IC 6.95 
2525 600 !!599 lt>\ ·i S1a11c J.:g 

2527 395 :! ILO:' 1024 ' I Slal•t 225 
?529 .100 ;.1200 ?56·1 Sl;1l1 c I>~!· 

2532 J95 9342 1 2~6 ' I Slal•r 2 ~'i 
2533 8pc ci,1 15% 1r.ms262 2K ~ 1 O~n~1111c 2 1011001 

33~ 1 6 q ~ PROM S 
7·l LS670 J lj:) li02A 2[) .JH Ll•nns 5995 

'/()J (' IJ .18 L11no s \.:% 

UART'S t12s1 :1 3? •8 {llJ!'ll( ~) 00 
AY-S · ID13 JOKR.M! 5595 t1?S1? :J .!!•8 l ro s1.11 c ~ 1.)1) 

·;4:;211; 11):'·! s1.1i.c ~% 

RUM 'S 
360 1 Z~ij • 4 f<l'>I 3.95 
l~?n~ HK ~p1om 2!1 . 9~ i 

2513{2 1•10) Ct1Jr Gen ·upµc11:.isc S995 G30 1· \ \02.t Tt1·Sta teB1n ol,11 349 
25 13(302 11 ChJ 1 Gen · low ~ t case 9.95 6330 ·1 256 Opeo Col lector B•pol;ir 2.95 
2515 Ch~r G~n 1095 6Dl -1 25!1 Tro·St ~ l e Brpolill 2'5 

FCMJ817 S S. OD SPECIAL REQUESTED ITEMS 
AV ·3·8500 · l Slli95 
MC306 1P 350 CO•l508 675 a2s11s 2500 
MC4016P 174·11 6) 750 CQ.1515 650 5841 995 
MC1·15B3 J50 CO·l520 2i0 Mr\50240 '750 
MC14562 1·150 MCM 657 \ 1750 llC90 19.95 
CD4059 905 MCM65i~ 1750 DS0026Cli J75 
CD40i0 95 MCM6 575 t750 11L JOa 1050 
MC\·MO!l 1•1!)5 MC1H19 1•195 1cm2oa 2200 
MC1·1J 10 1·195 ICM7045 24!)5 ICl.\7207 7.50 

• Analyzes any type of tJigit;il sys tem 
• Cll ecks cJata rates in excess o! 8 mill ion 

word s per seco nd 
• Tro uble shoal TIL. CMOS. DTI., llTL. 

Scho ttk y and MOS famillr.s 
• Displays 16 logic stales up to Bdigits wide 
• See ones ancl zeros di spl;iyed on yOIH 

CRT. octal or t1 exa cJ ccima l format 
• Tests circuits un de r ilCIUal opera ting 

conditions 
TIRGGEREXPANOER - Mo del 10 

Adds l6 add 1t1onal81ts - Conuectsduec1 
to Model IOOA(Op11ooal basepla1 c11e11111 1s 
1110111urng 10 !OOA!or m!egra1cd uo11) 
(8aseplate-S 12.00) Mo del1D-S229.00 

• Easy to assemble  comes with step-by -s tep construction 
manual which includes BO pages on logic analyzer operation. 

BUGBOOK '"' 
Conlinuing Educat ion Series 

1I 1,
·' Ill........ . ~ .' . 

BUGBOOK I & II· Basic concep tsol TIL Logic- ovei 90 
expe riments $17.00 /sel 

BUGBOOK Ila - Introduces UART - recommended 
101 RTIY enlhusiaSI S5 .00 /book 

BUGBOOK Ill • Explores 8080 chip - inlroduces 
Mark 80 Microcomputer S15.00 /bDak 

555 TIMER APPLICATIONS SOURCEBOOK WITH 
EXPERIMENTS  over 100 deS1gn techniques S6.95 /book 

CMOS·M ·DESIGNERS PRIMER AND HANDBOOK 

o B11ghl601g1tlE001splay 
• l11n e~ 10 59 n1111u1 cs 59 :59 seco nd s 
• C1ys!al Co nt1 oll c~ June [Jase 
• Three Stopwatches 111 One 

11m es Singlehe111 - Sp l1!& Taylo1 
o S1lH 5 x'l 1 5 '" ~ 90"1•11rounccs) 
• \l se5 3 Pcnl 1te Cell ~ 

Kil - $39.95 
Assembled - $49 .95 
Heavy Duly Carr'f Case $5 .95 

Slop Walch Chip Only (7205) 

Elaps ed Timer: Hrs, Mins and Secs 
12 or 24 Hr Capacity 
Simple Resel - Slar1 Pu shbutton 
Control 

Coniple le ~ 11 incluoes mo11ntinq tuacket 
c,1sc .ind dll componen1s. no111mg else to 
buy f'ea1ui es MM 53 1°l cl11p lJllJe ~ · LED 's 
Acc1i!acy r;e 11 c1 1r.an - min permn in tern al 
oatte ry backuo 12 ~011 noo·nola1 ope1at1on 

OI MfNSIO ti S ~ ' 1 • ~ • 2 
l? a1 ?~ ltOU fl MOOE 

Kil: $29.95 
Assembled: $39.95 

JE700 CLOCK 
Th eJE700 is a low cost d1g11al ctoc~ bu1 
1s ,1 1·e1 vn1gllquah1yuo1t Theuniltea· 
hues a s1mulatc!I walnul case with di" 
mer1 s,onso!6 x2'1 xl llu!lh!esa 
MAN72111yl1l>r1gtunessreadou1.and!he

MM 53 $1'f7.95 

----r--~ 
l ne Logic Ptobe is aun•I whi ch •S1or 1ne mas! part ; _. --  .._): 

JE803 PROBE 

1~dles o~;1~101~ 1 ~n ~~;1g~ ~~o11o;::~slot: ~:.~
1

1e~1 ~ .. ~~!' · 
needs lo operate !l"ecllv 01! 01 the cucu1I unaer 

::~~o~irta~·~~d~c~~;n.:n~O~~;~~i~~11~~~~;ss~a~:~~ 
1nese svmno1s lfll 11LOW1. O(PUlSEI . P Tne 
Prnbeca1 1dc1ec t h1g111rcquencvpu1ses10~S Ml-l1 
II cant Ile usea ,1 1 MOS lt.,.els or c11CJ •I damage 

$9.95 Per Kit 
wrll iesiJlt orinted circuit bo ard 

8-} 
PL 5V 1A Supply 

!his rs a standard nLpowe1supplyusing !hewel!known 
LM309K1egula1or :C1oorov1!leasohd1AMPo1cutrenra t5 
vol ls We 1ry to make lhings easy !or you b~ providing 
ever)'th1ngyounee<linoneoackage. including!heharawa1e 

Thiskeyboa1dfea1u1es6Junen·63 KEY KEYBOARD co!le!ISPSTkeys, unanached10 
anyk1oaotPC.B A.-erysolid 

, ,, . . . , " moldeo plastic 13"" x ~ base 
• ~ •• ,., • ' • • # su its most a~pl1ca t 1ons 

I • > , ~ ~ O • " I v ..... . ·-litl'..... $24.95 
H00165 16 llNE lO FOUR BIT PARA LLEL KEYBOARD ENCODER S7. 95 

TOOLS 
A97MS - Diagonal Cutter • 4" semi -flush cut 
A11 OMS - Chain Nose Pliers - 43/4 ·' long 
T-6 - Wire Stripper· #16 to #26 gauge 
55B - Wire Stri pper - #10 to #20 gauge 
CS-8 - Cutter-Crimper Tool . 8V4" long 
Nippling Tool - Cuts. Trims or Notches Meta! 

up to # 18 gauge 
Nibbling Tool Replacement Punch 

PE MACEL" P-29 .PLUS Eleclrical Tape
• ~'O wide x 56 fl. • Bla~k vinyl 

1·9 Rolls S.79 each 10-up Rolls 

SB.SO ea. 
7.50 ea. 
3.75 ea. 

lnl!o(!11c101y Oller - ;·lll ti books 1wo11h $119 951 
....,_..., , ·"SP ECIAL · S42.95 

CONTINENTAL SPECIALTIES 

PROTO BOARD 6 

S15 .95 
15·· long X4· · wid e) 

UT type .¥~ oles p11ce 
OT·59S 590 12.50 
QT.593 bus snip 250 
OT -475 HO 1000 
01·478 bussl11p 225 
OT·35S 350 050 
OT·35B busslup 1.00 
QT. JBS 180 475 
OT·12S '20 3.75 

" ""''" "~~.l!.l'.J'.<'il"' "·· · Ol · 47B 

:-~~::01355 
Of·SS 

OT·7S 

Oi·BS 80 
Of.75 70 

Experimentor300 

325 
300 

59.95 
••oi•r!<• l!:ll'll!W "'~ ""' ' Ol · 3~B Experimenter 600 510 .95 

SS.DO Minimum Order - U.S. Funds Only Spec Sheets - 25~ - Send 35' S1amp !or 1977A Catalog•
talilornla Residenls - Add 6% Sales Tax Dealer lnlormallon Avallable 

James 
ELECTRONICS 

1021·A HOWARD AVE. , SAN CARLOS, CA. 94070 

PHONE ORDERS WELCOME - (4151 592·8097 


AU Ad1111rtlsed Prices Good Thru September 


CD limeband · 
•' i..,""m'" " ,, , r J•'C .. ·O ·~J'""-"') a•xi 1~~""'°"'"'1 Ca•=oJ: .Ot"> 

Digital Alarm Clocks 
• 2.: .r.ou1 alarm 
. oozeBunon 
• 100~ 0 SOl•O Stale 
• 	 Latge Rea Leu D1SOI~)' 

18 111gn) 

• ,\M•PM Indicator 
• 	 Seconas ~ 1su1ay al loLcn 

o! 011UonC·500 · 1voryCase C·821 1 
C·500B · Ebcmy Case Woodgrain Case• Powe: ta1hue indicator 

S16 .95 • One 'iC~1 f.1ctory w~uant~ $19 .95 

LAMP CLOCKTimeband'" 
• 24 hour alarm6yRl/ROU/D 
• Doze button 
• Ala rm -on indicator 
, .8' " high Red LED Display 
• AM/PM Indicator 
• High intensity lamp 
• Lamp shuts off wh en collapsed ~ Model C-590 (Ivory) $29.95 

2.50 ea 
8.50 ea 

S6.95/10 roll acka e 
. loro111v 

' S9.95 Per Kil 

POPULAR ELECTRONICS 132 



S1 

' 

#206-4 
#206·7 
#206-8 

LM3iOK ·5.2 1.35 NE5608 5.00 75451C N .39 
LM320K·12 1.3S NE56 18 S.00 75452C N 39 
LM320K · \5 1.35 NE562 8 5.00 75453CN .39 
u.mOT ·S 1.75 NE 565H 1.2S 75J5JC tl 39 
LM320 T-5.2 US NE565N 1.75 7549\C N .79 
LM32 0T ·8 1.7S NES66CN l .25 75492Cll 89 
LMJ20T·12 1.75 NE 567H 1.95 75494C N 89 
LM320T-15 US NE567V 1.50 RCA LINEAR 
LM320T- 18 1.7S LM703CN 45 C/\3013 2.15 
LM320T -24 1.75 LM709H 29 CA3023 2.56 
LMJ2 3K·S 9.95 LM 709N .29 CAJOJ5 2.4 a 
LM324N 1.80 lM7tO N ,79 CA.1039 1.35 
LM339 tl 1.70 l/-U1 Hl .39 CA.3046 1.30 
LM34 0K ·5 1,95 LM723H 55 CAJ059 J .25 
LM3JOK-6 1.95 LM723H SS CA.1060 3.25 
l/.4340K-8 1.95 L/,17JJN 1.00 C.\3050 a5 
LM340K·12 1.95 LM739N 1. 00 CA.3061 2.00 
LMJ40K· 15 \.95 LM741CH .JS CA3082 2.00 
LM340K -18 1.95 LM 741CN .35 CA3083 1.60 
LM340K-24 1.95 LM741 ·1 4N 39 CAJ086 .as 
LM340T·S 1.75 LM74 7H .79 CA3089 3.75 
LM340T-6 1.7S LM747tl 79 CA.3091 10.20 
LM340T-8 1.75 LM748 H .39 CA J I02 295 
LM340T-1 2 1.i5 LM748 N 39 CA3 123 2.15 
LM340T-15 1.75 LM130JN .90 CA.1130 1.39 
LM340T·18 1.75 LM1 304 N 1. 19 CAJlJO 1.25 
LM340T -2 4 1.75 LM 130S N 1. 40 CAJ600 1.7S 
LM350N 1.00 LM1 307N 6S RC4194 5.95 
LM35 1Ctl .6S LM1310N 2.95 RC4195 3.2S 

~ 74LSOO TTL ::l~~~ l.95 

'" "' 155 
29 7·llS7J 
35 7JLS75 
JS 74 LS76 
29 7JLSa3 
29 i-lL S85 
69 7JLS86 

liS i' JL S90 
29 74L S92 
:11 7JLS93 

~9 7JLS153 
69 i' JlS\57 
~9 7JLS16 2 

175 74LS163 
2·19 74L$164 

~9 74LS l75 
125 iJLS 181 
125 7JL5 190 
125 i JLS 191 

221 
225 

'" 1.95 
369 
281 
2 a5 

Timeband"6vm1not111J 
-Watches 

' 
Ladlu 

LCD 

Men's & Ladies 
• Solid State 
• Displays hour. minute, 

second. month & day 
• Free set of replacement 

batteries 

I 
TC625 White w/strap $29.95 
TC624 Yell11w w/strap $34.95 

LCD 
• Choose LED or LCD styles 

One year factory warranty 

T325 While W/S1tap $24.95 
T~2• Yet111w w/strap $27 .95 

WIRE WRAP CENTER 
HOBBY-WRAP TOOL-BW-630 

• Battery Operated (Si ze C) 
• Weig hs ONLY 11 Ounces 
• Wraps 30 AWG Wire onto 

Standard DIP Sockets (.025 inch) 
Complete with built-in bit and sleeve 

WIRE -WRAP KIT - WK -2-W _.  . 
WRAP • STRIP • UNWRAP '·~~" ,,• 

• Tool for 30 AWG Wire . \P, 
• Roll of 50 Ft. White or Blue 30 AWG Wire ". ~ ~ 
• 50 pcs. each r ·. 2". 3" & 4" le ngths - ·. ... 

pre-stripped wire. \ @ .. 
$11.95 " 

7 WIRE WRAP TOOL WSU-30 
- WRAP • STRIP • UNWRAP-$5.95 

ICSOLDER TAIL - LOW PROFILE (TIN) SOCKETS MOA 980 -1 12A @ sov FW BRIDGE REC 
FW BRIDGE REC 

l.9S 
1911·24 

81nn S !i 
1~ ;un Z0 
1601n n 
181)•11 '9 
22 Pl!l J 7 

14 11m S 27 
16u111 30 
\ 8p11\ 35 
2·\ pm J9 

8 tnn 
t-:111n 
l6p111 
18 pm 

1011111 
1.: 0111 
16 P•n 
16 p1n 

S 30 
3; 
JS 
52 

H 5 
J9 
.: 3 
75 

?5·J9 S0- 100 1 - ~ J 2J· J9 S0· 100 M0A980·3 1 2/1~ ZOOVT6 1:i • ~ ?Jp,n 536 J7 36 ......._____.____________-ti 
!9 18 ,........... 26p1~ ~ 5 J.l 43 MPSAOS 5 5100 TRANSISTORS ?:U249 41100 

~~ ~~ " ~~ ~'~ ~~ ~~ ~~ ~~:9~ ii: ~ PU3567 3'51 00 ~~~!~ ~~; ~ 
36 35 SO LDEATAIL STANDARD (TIN) ~~~~~;A ~~: ~ :Zi~~ ;;:11 ~ 21wG2 4'> 1oo 
?!I 2·1 - - i 8p1n s 99 90 Bl 2N2369 S1s100 1 2N370~ 5 

1 
SIOO f 2N44 03 4iS100n 25 36 orn I 39 1 26 : 15 2N2369A 4S I 00 2N3705 $'S I 00 2N4~1)9 5 S1 00• ' I 2N3 706 Si S! {)() 2NSOll5 ~ . 51 003? 3Q . ' ' 40 pin I !19 I ·15 1 .10 2N 24&1 41S1 00 2fP707 ~S I 00 2N50-~7 4 S1 00 

4fi 4? ~;:~: t~ , 1 ;;; , ~~~~~: S ~1 ~ Jj \1 ~~:~ ~ ~~ ~ 
i; 
32 
15 
.j / 

" J8 

"66 

SD LDERTA\l STANDA RD (GOLD) W:?925 5·s 1 DO 2mrn 51 DO wsns 5 51 00 
, , - -  2~ !)11l s 70 63 57 ?N:lOSJ '2.~ I OO ?U300~ ) 51 00 m~t3a ) $100 

~~ ~ ~: ~:~ ,, : ~ : -~g \~ mi~~; i: * ;::~~~ ! ~: ~ ~~i~~ ~i:: 
Wl~E WRAP SOCK ETS (GOLD) LEVE~0 

; ·; 
1 75 1 59 145 ~~~:~ ;1:; ·::] f~!ffi Hi~ ~~~~~scR ;:H~ 

~i .. ~~ ~;~ s~ ~~ 1 ~~ t ~~ CAPACITOR 2N41 23 rn1s 1 oo 
~\ 36 D• n I 59 1 45 I 30 50 VOLT CERA MIC 
62 ~o Plll 1 75 1 55 1 ~ o DISC CAPACITORS 

CORNER 

50 PCS . RESISTOR ASSORTMENTS $1.25 PER ASST. 10p! 
22pf 
47pf 

lOOpf 
220p! 
470pf 

1·9 10·J9 50-100 1·9 10·49 50· 100 
05 GJ 03 OOl µ F .05 04 035 
.05 .M .03 .00J7µF .OS .04 .035 

ASST. 1 

ASST. 2 

..... 
oQ:; ASST. 3 

c:5
WASS T. 4 
CL. 
CllASST. 5 

ASST. 6 

10 OHM li OHM 15 OHM \8 OH M 22 OHM 
5 ca . Z7 OHM .13 OHM 39 OW.I 47 0!1M 56 OHM 

68 OH M 62 Ott/.! 100 OH M 120 OHM \JO OH M 
5 ea 180 OHM 220 Ott t.I ?70 OH M 330 OHr.1 ]~Q ow.~ 

H OOHM 550 Ot! M 650 OH ,'.! 820 011 1,1 
S ea. 1 2K 1 ~ 161\ 2~ 

33..; 
5 ea . 6 2K 

Sea . 56f. 

1SO K 
Sea . 390> 

391< ,,, 
21 1\ 
58K 

1801\ 
: ;o;. 

12K 

33K 
82K 

2201{ 
5!iOK 

15K 

3f)K 

100K 

27 (»: 
6BOK 

"U K 

'" "' "'l20K 

330K 
8201\ 

114 WAn 5% ~ 50PCS. 

114 WAn 5% 

114 WAn 5°<. 

114 wAn 5~ :. 

\/J wAn s•,;, 

114 WAn 5% 

SO PCS . 

(I) 
SDPCS. \J 

m 
50PCS . ~ 

> 
SOPCS . r-

SO PCS . 

.00 1ml 

.0022 

.0047ml 

.Ol mf 

.05 .0.: 03 OtµF .OS .04 035 
05 . O~ .03 .022µF .06 .05 .04 
05 0.: .03 047µF .06 05 .04 
05 OJ .035 . lµF .12 .09 .075 

100 VOLT MYLAR FILM CAPACITORS 
12 . 10 07 022m! 13 11 
12 . 10 .07 .047m1 .21 .17 
12 . to .07 .1mr 27 .23 

.12 .10 07 22m! .33 .27 
+20% DIPPED TANTALUM S (SOLID) CAPACITORS 

28 .23 . 17 1.5135V .30 .26 
28 .23 17 2.2125 V .31 .27 
2a .23 .17 3 312SV .31 27 
28 23 .17 47/2SV .32 .28 
28 .23 17 6.a/2SV .36 .31 

08 
. 13 
17 

.22 

7JLSOO 
7~ LS02 
74L SOJ 
7JLS0-1 
iJ LSO!i 
74LS08 
i 4L S10 
74lS13 
7JL S14 
7JL S20 
7 ~ LS26 

7JLS27 
7JLS28 
74LS30 
74LS32 
74lS40 
7JL~5! 
7JLS55 
i JLS73 

39 7JLS95 
29 7JLS96 

1 95 7 ~ LS192 
169 7JlS!93 ~ :~ ir.1 1 w 1 s r.1 1 a ,.1 ? 2M 

1 89 ASST. 7 5 ea . 'l m J JI.I 3 91.! .: 7M 5. !i M 1/4 WAn 5•10 ~ 50PCS . 

.1/3SV 
.1513SV 
.22 /JSV 
.33 /JSV 
47 135V 
68/35V 

!.Ol.l5V 
.28 .23 .17 10/25 V JO .35 
28 23 .17 15/25V .63 .SO 

.21 
.22 
22 
.23 
11 
.29,, 

t9 74LS l07 
39 74L5109 
39 7~ LS1 1 2 

59 7.! L$ 19<1 
59 7.:LS19S 
59 74LS257 

' 69 ASST. SR In cludes Resistor Assortments 1-7 (350 PCS .) $7 .49 ea. 
1 ~ --$~5~. 0-D~M~in~lm-um-O-rd-er---U.-S-.F-un-d~s~On~ly--~s~,.~,~Sh~e~el•""""-2~5-,--~,~..~d~3~5,-S~la_m_p~lo_r_19-7-7A_C_a_la-log--I29 7·1LS1 32 1 25 74LS26 0 

29 7JLS 136 
~9 7~LS138 

59 /4LS27 9 
189 74LS6i0 

79 Ca/llornla Resi dents - Add 6% Sales Tu Oealer lnlorm alion Available 
3 95 

CLOCK CHIPS 
MM5309 6 D1g1\, BCO Ou!puls. Reset Pnl. S9 .95> 
MM 5.Jl1 6 011111 . BCO Outputs. 12 or 24 Hour J .95 
MM5J12 4 Digit. BCO Outputs . 1 PPS Ourput 4.95 
MM5314 6 OiQil. 12 or 24 Hour. 50or 60Hz ~ . 95 
MM5316 4 Oig11. Alarm , 1 PPS Outpu! 6.95 
MM5J1a Video Cleek Chip , For Use Wi Hl ~ Mt.15841 - 59.95) 9.95 
CT7001 60i11i1.ca1enda1 , Alarm . 12m 2JHour S.95 

DATA HANDBOOKS 
7400 Pin · uu1 & D escription of 5400/7400 !CS 5 2 .95 
CMOS Pin -out & Desc ription o l 4000 Series lCS $2.95 
Linear P• n ·0\11 & Functi ona l Descrip1ion 52.95 

A LL THREE HANDBOOKS 56.95 

~cf-~r-,Ja1nes
o~'f! 
~~ 

r-, 1021-A HOWARD AVE .. SAN CARLOS. CA . 94070 

ELECTRONICS 
PHONE ORDER S WELCOME - (415) 592-8097 

All Advertised Prices Good Tllru Seplember 

MINIATURE ALUMINUM ELECTROLYTIC CAPACITORS 
Axia l lead R.1dlallead 

47150V .15 .13 IO .47125V . 15 13 
1.0/S OV . \6 .14 .11 .47/50V 16 ,\4 
3.3/50V . 15 .13 .10 1.0/ \6V 15 .13 
4.7/25V .16 . 14 12 10/25V .16 , \J 

10/25V . 15 .13 .10 1.0/SOV .16 .14 
10t50V .16 . \4 .12 J .7116V . 1S .13 
22/25V .17 .15 .12 4.712SV .15 .13 
22 150V 24 .20 .18 4.7/SOV 16 .14 
47 125V .19 .17 .15 10/16V . I<! 12 
47150V 2S 21 .19 l0125V 15 13 

10012sv .24 .20 18 10 /SOV .16 .14 
100 /50V 35 .30 .28 47/50V .24 .21 
22012sv 32 .28 .25 100116V .19 .1s 
220150V .45 41 .38 100/25V .2J 20 
470/25V .33 29 27 100/SOV .35 .30 

Hl00/16V .5S .50 .4S 220/16V 23 .17 
2200/16V .70 .62 .55 470125V 31 .2a 

. IQ 
. 11 
10 
II 

. II 

. IQ 
IQ 

.11 
09 

, IQ 
12 

. 19 
14 

" .18 
. 16 
26 

26 SN74107N 39 SN74187N 6.00 IN/R{}l/lOV!0£0£NfER:RINM£NfIYl!TM . 
SN7432N 31 Sl/74121N' .39 Sll7~18aN 3.95 
Sll7J37N 27 SN74122N .39 SN74!90N 1.19 Lr) • Freeze Actron • Speed Option WIRE WRAP WIRE - 30 AWGCHANNEL'flru 

~ • Automatic time and scorekeeping 25tt. min . St .25 50tt . St.95 tOOft. $2.95 tOOOtt . St5.00SN7438N .27 SN74123N .50 SN7419 1N 1.25 
SN7439N 25 SN74125N .60 SN74192N 89 ~v<jl, • Battery-free AC .operation SPECIFY COLOR - White - Yellow - Red - Green - Blue - Black
SN7·l40N .15 SN74 126N 60 SN74193 N .89 ..:::::::::<--.~r,,~ 1'!..I,• $15g g5 . Dual controls with B-way actionSN7441N 89 SN741J2N 1.09 SN74194N 1.25 ---.y~~,~1' • • Bu1!t-m Pro Hockey and Tennis games WIRE DISPENSER - WD-30SN7442N 59 SN74136N .95 SNiJ\95N .75 

• Easy hook -up on any B/W or Color TV • 50 tt. roll 30 AWG KYNAR wire wrap wire $3. 45 ea.SN74 43N .75 SN74141N 1.1 5 5N74196N 1.2S 
Stl7 4J4N .75 SN74142N 4.00 SN74197N .75 • Factory warranty • Cuts wire to desired length
Sll7J45N .75 Stl74143 N 4.SO Stl74198N US 
SN7J46N • St ri ps 1·· of insulation Specify - Blue-Yellow -White-Red 

al Stl74144N 4.50 SN74199N 1.75 Channel F - additional cartridges - $17 .95 ea. 0813 - Blackjack 11 or 2 ptay,ecs)
SN7447N .69 SN74145N 1.IS SN74200N 5.59 0814-Spitfire(I or 2 players)
SN7<148N .79 SN74147N 2.35 SN7J279N .90 0811 -Tic-Tac-ToefShooting Gallery 0819 - Drag s!rlp (I or 2 playe rs)
SN7450N .26 SN7414aN 2.00 SN74251N 1.79 '"" 161 - "'Quadra-doodletDoodlef 0815 - Spacewar (2 players) 0820 - Maze (2 players) HEAT SINKS 680SN745 1N .27 SN74150N 1 00 SN74284N 6.00 
SN7453N .27 SN7415W .79 Stl742aSN 6.00 0812 - Desert Fox /Shooting Gallery 0818- Magic Numbers (compu!er logic) 0822 - Baseball (2 players) 205-CB Beryllium Copper w/Black finish for T0-5 $ .25 
SN7454N .20 SN74153N .89 SN74:167fl .7S 29 t -.36H Aluminum for T0-220 Transistors & RegulatorSS .25 

MANY OTHERS AVAILABLE ON REQUEST 12S" dia . .190"dia. 680-.75A Black Anodi2ed Aluminum for T0-3 $1.60
XC209 R~ 1os1 XC 111 Reo !OS1 

XCZ09 Gretn ·1151 XClTI Green J .Sl 


20% Discount for 100 Combined 7400's 40t-A Black Anodized Aluminum - pre-d rilled. ··---
XC209 01.m9e .\ISl ~C 1\1 Yellow JiSl mountin holes for T0-3 $1.75 co~ooo .25 7JC0JN .75CMOS DISCRETE LEDSXC209 Yello w ·1 /S1 xc11 1 Orange 41SIC04001 .2S CD4030 .65 74C10N .65 
CD~002 2S COJOJ5 1.85 74C20N 65 .200"dla . 185"dla . .200" d!a . .08S"dia . DIP SWITCHES SPST Slide Action 
COJ006 2.50 CO·IQ.10 i45 7JC30N .65 xcn f'ed 101S1 XC526 fled 5 Sl XC556 Red t0 1S1 MVSO - Red · 6.' ( 8 pin dip) 4 switch unit $1 .75 ea. 
C0~007 25 CDJQJ2 190 7<tCJ2tl 2.15 XC 22 Gr een ·IS1 XC !/26 Gree11 J$1 XC556 Gre'!'n ~ Sl (14 pin dip) 7 switch unit $1 .95 ea.lllfRA ·RED LEOXC22 Yt llow ·l1S\ XC526 Yellow J 51 XC556 Yellow ·I SiC0.:009 59 COJOJ.1 1 SO 7JC7J N 150 .. 1,· x \• •-1. 16 {16 pin dip) 8 switch un it S2 .25 ea. 

CQJ0 11 25 COJ047 2 75 74C90N 300 
xcn OrJnQe ·llS1 XC5?6 01anqc .: Sl .o.C555 Ora.ige •= 51co.1010 59 CO•IOJ6 2.51 7JCiJ t 15 

Fl,11 5 1.00SSL ·22 RT J ,'S I XC5i6 Cle.11 ~ 51 XC5S6 C!rn 7 s1 
co.1012 25 CD~049 .79 7°1C95N 2.00 TV GAME CHIP SET - $14.95Ol707CD·1013 Ji CD4050 .79 7JC107tl 1.25 - ULJ JB 
CD40 16 56 CD405 1 295 74C 151 2.90 

DISPLAY LEDS Includes AY-3-8500-t chip and 2.010 mhz crysta l 
CD40 17 135 COJ053 2.95 7·1C154 4.00 ii purchased separate ly would cost $18.95. 
CDJ0 19 .55 co.1050 J.25 i4C 157 215 

TYPE POlAIUTY HT TYPE POLARITY HT 
MMI 1 Common flnoor :ro ?95 ~.V, N 35~0 Cor111no11 CJ!TIO!le ·OrJncc JOO 175

CD J020 1.49 CD4066 175 1.1c150 J .25 r.1Ml 2 5 , 7 001 M:1111, lOO .195 MMI ,: ; 10 Con1rnpn :.notlc ·Reo .:oo 195 ZENERS - DIODES - RECTIFIERSCDJ022 125 COJ069 J5 7.:c151 3.25 rr1:.:1 J C(l111mnnC,nr10J< 1:'53 1 00 OU01 Common :.node· re<I · 300 9G TYPE VOLTS W PRICE TYPE VOLTS W PRICEC04023 2S CDJ07 1 JS i4G163 3.00 r,1 .\,·1 .: CommonC 1tMoe 181 1 9S DLiO~ Common Catnoc\~ JOO 99 1N7~6 3,3 400mm 4/1 00 HNOOS 600P\V 1 AMP 1011.00CDJ02·1 150 CDJ081 ~5 7JC16·: J.25 MAi'l 7 Com1~on fln o11c JOC 1 25 Ol 70i Cor"lmon :.no!!c 300 99 1N751A 5 1 .IQ()m 411.00 1NJ006 800PIV1 AMP !01100CQ;102S .i5 CDJ511 2,50 ?.lC17J 2.60 t,v.N iG Co1rnnon fl11 oae ·oieen '!00 1 n5 ~.1/IN ·Ii .:o Com monAnmle·Ret1 40() 99 1N752 5 6 ·IOOm J /1 00 l N.!007 \000 PlV 1 AMP 1011 .00C04026 SJ.95 C0·1518 2 50 7-tC193 2.i5 r.1Mi 7Y Cormunn 1\11i)UC yellow JOO 1 !15 0L7·11 Con1monAnoue 600 1 50 1N 7S3 6 2 400m 4/1.00 1tl3600 50 200m 6/1.00CDJ027 .69 MC1 J566 3.00 7·1C195 2.75 r.IAN 5? Co111 111011 flno1l e·au!'fn 3\)() 99 Co m111on 1\11 odC 1N754 6.8 400rn 411 .00 1NJ1JB 75 10m !S/1.00Dli·l7 000 225C0·1028 1 65 7·1COON 39 MCJ044 J .50 t.1MJ6•1 r:omn1on1\noderM .1()0 99 01 7~J Cni 111non C~!t\O\lt : GOO 2 49 1N959 82 400m 811.00 1NJ15J 35 10m 1211 .00 
/,l>°Jl 7<1 Common Ca ttm!l.~

CQ.\029 2.90 1.1cow 55 l.1C140 16 S6 JOO 1 50 nL 33fl Cni nrnonCatll O!!fl 110 50 1tl965B 1S 400m 411.00 rn4J05 75 2Sm 2011.00 

LM3l.IOH .BO LM1 351N 1.65 
 M.\1182 Com•n(mi\n(1(!e·1t1iow :mo 99 ftlD lO Co 111•nonCa:no1Je i50 i5 1tl5232 5.6 500m ta 1NJ73·l 5 6 lw 18 

LM301tl .35 LM1414N 1 75 
 /, ,A•: 84 Cor1111mn Cal! 10t1e ye1;o 'll JOO 99 fND~.l C()111•M11 CJ;noa~ 500 100 1tt5234 6 2 500m 28 1N47J5 6.2 18 

LM301Ctl .35 78 MG 1.7S LM1458C .65 


LINEAR 
MAN 3620 Co11111111n fl11q(!C orange 3(10 1 ;:, rnoso; Cnrn1non .»nnd~ 500 100 \N5235 6.8 SOOm 28 1tlJiJ6 6.8 1W 18 

7400NTTL
SN7400N .16 SN7459A .25 
SN7401N .16 SN7460N .22 SN74154N 1.00 
SN7402N .21 SN7470N .45 SN74155N .99 
SN7403N .1 6 SN7472N .39 SN74156N .99 
SN7404N .18 S~H473N .37 SN 74157N .99 
SN7405N .24 Stl7474N .32 SN74150N 1.25 t

iril'."""SN7406N .20 S~U475N .5& SN74!61N .99 
SN7J07N .29 SN7476N .32 SN7J16JN .99 T249 While w/bracelet $19.95 
SN7408N .25 SN7479N 5.00 SN74J~N 1.10 TZ48 Yellow w/braul1t $22.95 
Stl7409N .25 Stl7480N .50 SN74165N 1.10 LED 

SN7410N .18 SN7J82N .98 SN74166N 1.2S 
SN7411 N 30 SN7J83N .70 SN74167N S.50 
SN7412N .33 SN7485N .89 Stl7J170N 2. 10 
SN741JN .JS SN7J86N .39 SN7J1 72N 8.95 
SN7414N .70 SN7J88N 3.50 SN74173N 1.50 
SN7416N 35 SN7J89 N 2 49 SN74174tl 1.2S 
SN7J17N J5 SN7490N .45 SN7J175N 99 
SN7J20N .21 Stl7491N .7S SN7Jt76N 90 
SN7421N .33 SN7492N .49 SN74177N .90 
Stl7422N .49 SN7493N 49 SN74 180N .99 
SN7J23N .37 SN7494N .79 SN7418 1N 2.49 T237 White W/bracelet $22 .95SN7425N 29 SN7495N 79 SN74!82N .95 T236 Yetlnw w/bracelel $25.95SN742 6N .29 SN7496N .89 Srl7J184N 1.95 
Stl7J27N 37 SN7497N 4.00 SN7Jla5N 2.20 J,.E_D 

Stli429N .J2 SN74100N 1.00 SN74186N 15 .00 
Sll74JO N 

LM302H 75 LM370 N 1.lS LM14 96 11 9S 
LM304H 1.00 LMJ73N 3.25 LM1556V 1.a5 FCS 8000A - 3Vi Digit - .8 .. Display
LM305H .95 l M377N 4.00 LM2111N 1.95 NEW! 25 Pm Vers1on w11hcolon & am/pmu1111c.l1or 
LM307CN .35 LM380tl 1.39 LM2901N 2.95 • Connects .ilrn ns1 one 
LM308H 1.00 LM380CN 1.0S LM3065 N .69 0
LM308CN 1.00 LMJ81N 1.79 LMJ900N .55 
LMJ09H 1. 10 LMJ82N 1.79 LM3905N .60 11-/c::'.:?...?. 11:: i':~~::; 3:::;,; ~,' ',~
LM309K .99 tlE50 1K 8.00 U~J909 1.25 
LM31QCN 1.1S tlE510A 6.00 LMSS56N 1.85 FRONT VIEW - FSC8000 • Tyoical segment tu rrenl 
LMJ 11H 90 NE531H 3.00 MC5S58V 1.00 6m A e~cept colon. 10 111sSPECIAL 

b & c and 10 min. a & dLM311N .90 l/E5.J6T 6.00 U.47525N .90 S4.95 EA. wh1cn are 16 mALM318CN 1.50 NE540l 6.00 LM 7535 N l.2S 
• MAXIMUM FOR WARD • fttrwa rd vo1taoe drn1~

LM3 19N 1.30 tl E550 N .79 80388 4.95 
CURAENT - 25mA ! 5vol1s.

LM320K-5 I.JS NES55V 39 lt.175450 .49 

TC437 While wlb racefet $29.95 

TC436 Yellttww/bratele1 $34 .95 


LCD 

INS236 7.S 500m 28 1tW38 8.2 lw 18 
1NJ56 25 40m 611.00 WH42 12 18HP 5082-7300 Series - Multi-Digit 1N•l58 150 7m 6/ \.00 1NHJJ 15 lw 18 
1N•t85A 180 10m 6/1.00 \N1!63 50 PIV 35 AMP 1.60• Va" Ht. • Common Cathode • Dip Package 1N4001 50PIV 1 AMP 12/1.00 1N1184 100 PIV 35AMP 1.70 

• 3 to 5 volts @5 mils per segment 1N4002 100 P!V 1 AMP 1'11 .00 1N1185 150PlV 35AMP 1.50 
• 7 segment Monolithic • Red Display 1N·l003 200 PIV 1 flMP 1211.00 1N1186 200 PIV 35AMP 180 

1N4004 JOO PIV 1 AMP 12/1.00 1N 1168 400PIV 35M!P 3.00 
2 Oigll s .79 
30iglt .89 SCA AND FW BRIDGE RECTIFIERS 
4 Dl gil .99 C360 ISA @4 00V SCA $1 .95 
SOlgil 1.19 C38M 3SA@200V SCA 1.95 

2N2328 1.6A@200V SCA ID 
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AFFIX OLD LABEL+--------1 

f -----  ·ntOLO addresshere. \ 
lfyouhave nolabelhandy , pri I 

I J 
\ Name- please print ( 

~ ~ 
) Address \ 

Let us know 8 weeks in advance so that you 
won't miss a single issue of POPULAR 
ELECTRONICS. 

r Ci ty
I _zip-_j 
I State - ------ L.---------Attach old label where indicated and print 

new address in space provided. Also include 
your mailing label whenever you write con
cerning your subscription. It helps us serve 
you promptly. 

NEW ADDRESS HERE 0210 

please print 
Address____________Apt.__

Write to: PO. Box 2774, Boulder, CO 80322 
giving the following information: 

D Change address only D Extend my subscription CitY---------------- 

ENTER NEW SUBSCRIPTION State Zip----
Additional postage on foreign orders, add $3 ayear for Canada, $5 
a year for alt other countries outside the U

D J year $12.00 D Payment enclosed 
Allow 30-60 days for (1 extra BONUS issue) 

PLANS AND KITS 

AMAZING ELECTRONIC 
~ PRODUCTS .A" 

LASERS SUPER POWERED, RIFLE. PISTOL. POCKET · SH IN OARK · PYRO· 
TECHNICAL OE·BUGGING . UNCRAllBLERS . GIANT mu . STUNWANO . IV 
OISRUPHR · ENERGY PRODUCING. SCIENTIFIC DETECTION. ELECTRIFYING , 
CHEMICAL. ULTRASONIC. CB. AERO. AUTO ANO MECH DEVICES. HUNDREDS 
MORE · All NEW PLUS INFO UNLTO PARTS SERVICE. 

INFORMATION unPimifPd 
CATALOG SI 801 626 lord Jeffery PZ. •Amherst, N.H. 03031 

FREE KIT Catalog contains Test and Experimen
ter's Equipment. Dage Scientific Instruments, 
Box 1054P, Livermore, CA 94550. 

N(111! a high quality CD Electronic 
Ignition System in kit form. 
Con tains all components and solder to 
build complete Solid-State Electronic 
CD Ignition System for your car. As
sembly requires less than 3 hours. 

•Increases MPG 15% •Eliminates 4 of 5 tune·ups 
•Increases horsepower 15% •Instant starting, any 

1 

.S. and its possess ions. 
Cash only on foreign orders. payable in U.S. currency.delivery. D Bill me later 

INTERNATIONAL ELECTRONICS UNLIMITE 
10% OFF WITH $25 ORDER 
15% OFF WITH $100 ORDER 

MEMORIES 
1101 $.69 

SPECIALS 
' 19 
.49 
.59 

1.09 
1.49 
.89 
.59 
,qq 

DLIOA 
NSN 74R 

$1.49 

FND 359 

.99 

.59 

DISCRETE LEDs 
MVIOB 
MV50 

6/Sl.00 

MINI RED 
16/Sl.OO 

FOR 
THE 00-IT-YOURSELFER 

•Plugs and Points last weather 

50,000 m il es •Dual system switch 


Fit s on ly 12 volt neg. ground ... Only $21 .95 postpaid11----- Trf:Star Corporation---_-_-____,. 
P.O. Box 1727 Grand Junction. Colorado 81501 

POCKET COLOR/BAR GENERATOR kil, 16 patterns , 
$49.95. Plans, $4.95. Workshop, Box 393PE, Belhpage , 
New York 11714. 

SCA-ADAPTER kil for FM radio. See Poplronics October 
1974. For experienced builders . $13.50 postpaid . Commu
nications Poly Services , Box 3251C, Wesllord , Mass. 
01886. 

SMOKE/GAS ALARM Kil, wilh plug-in transformer, $19.95. 
Romar Syslems, 85-76lh Street, Brooklyn , New York 11209. 

THE " KING OF KITS". Artisan Organ Kils fealure all new 
modular construction, with logic-controlled stops and 
RAM Preset Memory System. Write for broch ure lo : AOK 
Manufacturing, Inc ., P.O. Box 445, Kenmore , WA 98028. 

FREQUENCY COUNTER : 30/300 MHz, miniporlable 
2''x4"x4-1/2", 7 digit , .0001% accuracy, internal bat
leries/exlernal 8-15 vdc. Conslruclion plans, $5.00 -
Complele kil, $119.95 - Wired and lesled , $149.95. Wilson 
Products. Box 5516-AI, Walnut Creek , CA 94596. 

HIGH FIDELITY 

DIAMOND NEEDLES and Stereo Cartridges al Discount 
prices for Shure, Pickering, Stanton, Empire, Grado and 
M)C . Send for free catalog . LYLE CARTRIDGES, Depl. P, 
Box 69, Kensington Slalion , Brooklyn, New York 11218. 

TUBES 

RADIO & T.V. Tubes-36 cents each. Send for free 
Catalog. Cornell, 4213 University, San Diego, Calif . 92105. 

TUBES receiving , factory boxed, low prices , free price lisl. 
Transleteronic, Inc.. 1365 39lh Slreel, Brooklyn, N.Y. 
11218A, Telephone : 212-633-2800. 

TUBES: " Oldies", Latest. Supplies , components, sche
matics . Catalog Free (stamp appreciated). Steinmetz, 7519
PE Maplewood, Hammond, Ind. 46324 . 

HYPNOTISM 

SLEEP learning. Hypnotic method. 92% effective . Details 
free. ASA Foundation, Box 23429EG, Forl Lauderdale , 
Florida 33307. 

FREE Hypnotism. Self-Hypnosis. Sleep Learning Calalog ! 
Drawer H400, Ruidoso, New Mexico 88345. 

AMAZING self-hypn6sis record releases fantastic mental 
power. Instant resulls! Free trial. Write : Forum (AA9), 333 
North Michigan , Chicago 60601. 

IHHI Ol~COU"I~ APPl' TO TOT.-.1 
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LED DISPLAVS 
IA . 

DL 1 OA UD CA .17.. LHO 11.89 
DL 707 UO CA .JO" RHO 1 .49 
Dl. S07 RIO CA . SO.. RHO t.49 
l'ND 398 RlD CC .J1S'• RHO ..•
DL 702 R(O CC .JO"' lHO t.39 
NaN 74R RID CC .JO" RHO 1.49 
DL 900 RID CC .SO" RHO 1 ,49 
llAN5 GREEN CA .17" lHD 1.39 
llANB YfllOW CA .17.. lHD 1.39 
llAN82 YfllOW CA .l" lHD t.89 
llAN81 RID CA .6" lHD 2 . 19 
DL747 RlD CA.&" lHD 

LINEAR CIRCUITS 
JOO s .7 1 ) 71 2..41 711 .., 

JOI .]Cf l7b .I.I 7)) 

JOl .SJ JIO 1. lO 7l9 1.07·" 

lOf .ao ll0-8 us .u 

J05 .7 1 
 )II us '" ,.. .., ,.. · . " JI"" ·"... I ll ..,. ..,
lO'lk I.JS 140 llOO .... 
llO 1.07 ,4q 

m '"' 1900 
}II 

7S14 
I.I·") 

IS6A l.)J ·"..."' i".H IO)I u s... "'' I"'"... ..,. .., .... us 
1.70 1.11 7Sl50 I.JS.., "' 

"' "' 
1.52 I ... 7S4SI .JS 

ll9'" I.SI 
... 

I ... 7S4Sl .JS.... U9 '" ... 7S4SJ .JS 
1'01 1.49 "' .JS 7$491 
172 2.9) 711'" ... 7$4')1 ·.IO" 

SNCIALllSVICH 

Jn Af-lf Slnp DettttM DIP 2.9) 


75 

010 fM SleffO ~uWlor DIP l.90 
,.. .... """'" .....,•• s.i..,....., o" ·

~= ::::-::t::o;;,':'"""'wl0< .:: t-A_Y_~-!-~-~-3R_A_A_L_P_R_O_C_E_S_S-IN'-G-~-N-l_T_ 
ULNDOI FM Gollln llo<li :wdb (typ) mDlr 1.11 
UlN2209 FM G.ain llock 41db (typ) mDlr 1.lS 8008 $16.95
lS1l Ch•rKter Gener•IOf '41815 Dll'-24 10.21 
l046 TuMkl<H Au•y Dll'-14 .73 8080A $16.95 

TTL ,... . I) 74') 1 . 17 741 ) ) ... 
, ..I ..• 7HI . 17 741).4 

.II i 4) 4 . 17 74 1)'> '·"' '"' .II .17 741Sb ·" "'"' ,'"'... ... ,... .JS 741 )7 ·..." ... .JS 1.797 41~""' .JO 741f,()
,'"'... 7470 1.B 
,.., ·" .JOH7l 74101 ,... .· 19"' 7.&71 .II 7416 2 ..·",,,... 747.& .28 7-tlb } 1.09"7410 ·.1• i4il ... 74 104 ... 
7411 .lS 7Uh .JO 741bS ... 
741) .0 7"'81 ... 741Mi 1.lS 
7414 ... 748') ... 74170 2.10 
741b .JS 7•8h ... 74171 1'.49 
7417 .JS ,.., l.lS 741 7.t l.lJ 

.I. mo .o 7"17 ')""' .JO 74,1 .75 ·..."741l 741 70 
7411 .19 74'1 ... 74171 ... 
741S .27 749) ... 74180 .90 ,.,. ,... 74181 2.4S 
7417 ·" 749S ·" 74181.19 .79,.,.700 74164 1.90·" 
74Jl ·.n"' 74100 ·" 74185... 
74) 7 7410S 74187 S.7S... '·"' ·" 74107 . l7 741'f0 1.15"'' ·".II 74111 .11 Hl'H 1.15 
7441 74111 7-4191 
7441 .59 7411) ... 7419) .85 
744 ) .71 7411S 741'M us 

"" ... .JI .95 

,... .71 7411b · . " 51 ~ 4 l~ 'j .74 ,.., 
.7) 741Jl ·'' 74<./ lh us ,... .81 74141 1.04 741'17 .71 

7447 .79 7414S 1.04 741"18 1.73 ,... .1, 741~ .'7 741'JCI U9 
.17 741 ') 1 .79 7HOO S. 4S""' 

IC SOCK•TI 
Sold•r T•ll • low proflle 
8 pin S .17 l4 pin .42 
14 pin .20 l8 pin .59 
lb pin .12 41() p in ... 
18 ptn .29 

UN•AR 
1103 .69 301 mDIP 

1702A 5.95 723 
7.13 T0-5

521>2 .99 
380-ll mOIP 

74S200 3.25 565 

82S23 2.75 739 
75491 mDIP

93410 1.39 75150 
7410,.,. ~.'d~t~:~:~:~g£~~1~r(o.c.),.., 

l!ICO to de<im•I d~coder74SJ hp.AND-OR-INVERT•"•
7474 Ou•I D llip-Oop 
7491 4 lit binuy Ct)Untrr 
74111 
741SJ ~l~~~-inpul multipl~nr 

\I4 Digit Clock Kil 
MMSlll &net 4 NS71 .27" dhpl•r1 11-14 
houn. 50-60 HL o,,.- r.c. ho.aid .ccom
moct.1n clod:, dnpl•J"., •nd •II """H't 
lr.1ntklor1, rftkloo, u~cllon, diod", ] 
1•ilchfl, complne inltructiom •l'Kl 1ehe
m•lk1 lor .1nt'1nbl)". 

CK4·2 110.llS 
Trenafdrmer 

117 VAC - llV JOO m.11 1iUll mounl $4.95 

UART $6 95 

MM 5330 
4 y, DIGIT DVM LOGIC 56.95 

LH0070 
BCD BUFFERED REF. 56.95 

MM 5616 51.25 
QUAD Bl-LATERAL SWITCH 

Carbon Fii m ! 5% 

114 WA TT 04255 

112 WA TT 04505 
2200 res1s1ors 44 values 

supplied in a 15 drawer 

60 compartment s1arage 

cabinet - table or wall 

moun!. R~adv 10 uSE: . 
1.S 47 
3.3 68 
6.8 100 

10 150 
IS 220 
22 270 
16 330 

: :~ 
.19 
.14 
. 19 
.JS 

.!: 

RL 209 12/$1.00 

2
~

08 
$ 

16095 
1 X SK EROM 

.. 

IHl53&9 Qi.,idt>r mOIP S2.35 

Cryst•I J.S8 MHZ color TV ST.SO 


CARBON FILM RESISTORS ±5% 
ALL STANDARD VALUES 

V• OR I> WATT 

QTY. PRICE PRICE 
(Minimum 10 

per ..,a lu e~ 

0- 10 >.IOeiai 
1().100 s.10 ~· S.OS e• 
100-1000 S.04 e• 

METAL FILM RESISTORS 
ALL SJ:ANDARD VALUES 

±1%V4WATT 
on PRI(( P•ICI PRICI 

IACH MINIMUM 10 MINIMUM 100 
P'J• VAlUI PIR VAlUI 

O · 10 \ .10 
10 . 100 . lO \ . l :i 

100 . 1000 . 10 l .O'J 
1000 . . IO .08 

TAllTALUll CA~ACITO ..a 
Solid dlppM +20% 

. I mfd JSV 

.JJ mid JS\' 
I mid JS\' 
l.lmfd lO\' 
l.lmld JS\' 
J.Jmld JS\' 
4. 7 mid liV 
U mid iV 
i.I mid SOV 

RESISTOR KIT 

$~ea. 
SHIPPING CHC 

S2.00 

RESISTOR ASSO'lTMENT 

SO RESISTORS PER VALUE 

470 l.9K HK 
680 4.7K l9K 

1.0K 6.8K 47K 
I.SK IOK 68K 
2.2K ISK IOOK 
2.7K 22K 
3.JK 27K 

S .25 10 mid 
.lS 10mld 
.1S I S mid 

IS mid·" 22 mid.JO 
.JO JJ mid 
.JO 47 mfd 
.JO S6 m id ... ISO mid 1SV ... 

150K 1.0M 

220K 1.'iM 

JJOK UM 

470K l .JM 

680K UM 


i•v s ... 
lSV 
10\' ...·" 
20\' 
161/ ·" ...·" ... 

·" 

FREE CATALOG AVAILABLE ON REQUEST 

S.1li\f,u lion gu.iro1nh•t·d . Shipmen! will bt• m .adt• posldRt' prt"p.i: id within 3 d.i:ys I rom 
rt-<t•ipl ol urdt•r. PJ\-'rnt·nt m.i t bt" m.adt· ""ilh pt•r\onal chPrli., ch.i:rgf' ca rd (includp 
numbt' r .md t•\p. dJt l'). u r mont" t ordt'r. Phont" Oiders- BofA .1nd M / C c.1rd or C.0.D 

Add\ 1.00 to CO\"t'r '>hi pping .ind h,1ndling if urd('r i\ IP \S lh ,1n \ 10.00. 

C.tlilorni.1 rt•\idt•nh .1dd \dlt>\ ldl . lntlud t> \ hipping Plpt"mf' lor ordt>r~ \hippt>d o ul ol 

U.S. .1nd C.1n.1d .1 .appro•. 10··.. of ordt"r . 

INTERNATIONAL ELECTRONICS UNLIMITED 
~ VILLAGE SQUARE, P.O. BOX 449 

-~ CARMEL VALLEY, CA 93924 USAD•le sheets on requesl. Add JOc euh 
..._ PHONE (-106) 659-3171if item is riced below SUM> euh. 
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Best Values Ye t i 
8080A 
8212 
8216 
8224 
8228 
8251 

8-BIT CPU , 2 USEC CYCLE .. . ... . . . ... . 
8-BIT 1/0 PORT . . . ..........•. . . .. .. S 3.95 
Bl-DIRECTIONAL BUS DRIVER ... .. ••.. . . . $ 4.25 
CLOCK GENERATOR ......... . . ...... . . $ 3. 95 
SYSTEM CONTROLLER .......•. . ...... . $ 6.95 
COMMUNICATIONS INTERFACE . •... •. .... Sl 2.95 728 SOLOERLESS PLUG·IN TIE POIN TS 

8255 PERI PHERAL INTERFACE ..•. . . . .. • ...... Sl 1.95 c_____t--===-APAc1TY, 
1702A 2K EPROM (256x8) ... . . . . . . . .. . ••.... S 6.95 
2708 BK EPROM (1Kx8) • ..•.•. . . •. . • . . . .•. S29.50 
2102-1 1K RAM 500 NS................. . ... S 1.79 
SC/MP 5 VOLT SC/MP CPU . . . ...... . ........ S 9.95 
2650 MICROPROCESSOR 1.25 MH-2 CLOCK 40 Oi l .. S24.95 

74LS30 
74 LS32 
74LS37 
74LS38 
74LS40 
74L542 
74l.547 
74l.S48 
741551 
74LS54 
75 LSSS 
74l573 
74LS7 4 
74LS 75 
74LS76 
74LS78 
741583 
741.186 

.28 

.JJ 

.J3 

.JJ 

.28 

.67 

.79 

.77 

.28 

.28 

.28 

.J9 

.39 

.SJ 

.J9 

.39 

.79 

.J9 

74LS90 
74LS92 
74LS93 
74l.S107 
74LS109 
74 L5112 
74l5113 
74LS114 
74LS125 
74l5126 
74 LS1 32 
74LSl36 
7415138 
74l51 39 
74 LS151 
74LS1S3 
74l51S4 
7415155 
74LS 156 

.57 

.57 

.57 

.39 

.39 

.39 

.39 

.J9 

.49 

.49 

.81 

.39 

.73 

.73 

.75 

.75 
1.10 
.7S 
.7S 

74LS157 
74LS158 
741Sl60 
74lSl61 
74L5162 
74 LS16J 
74LS164 
74LS168 
74l5169 
74LS170 
74LS173 
74LS174 
74LS17S 
74LS190 
74LS l91 
74LS1% 
741.5197 
74l5247 

.7S 

.7S 
1.02 
1.02 
1.02 
1.02 
1.02 
l.14 
1.14 
1.73 
1.34 
1.06 
.84 

1.1 8 
1.1 8 
.86 
.86 
.79 

7400 .21 747b 74181 2.1 5 45 20.23 
7401 .21 7480 74182 .79 .40 4527 
71{)'] .21 7482 74184 2.19 .96 4528 
7403 .2 1 7483 74185 2.19 ,96 4585 
7404 .21 748S 2102·174188 3.50 4016 .40 
7405 .21 7486 74189 3.50 4017 1.05 8080A 
7406 .25 7489 74190 1.23 4018 1.05 CA3046 
741J7.25 7490 74191 1.23 4019 .7J LM2 11 1N 
7408 .21 7491 74192 .88 4020 1.14 lM309K 
7409 .21 7491 74193 .88 4021 1.14 LM324A 
7410 .21 7493 LMJ40T.s74194 .88 4027 ... 

MPS918 . . . .16 1.55/107411 .21 7494 74195 .88 4023 .23 LM340T-6 
7412 .21 7495 MPS930 .•. .16 1.55/1074196 .88 4024 .84 LM340T-8 
7413 .25 7496 .70 74197 .88 4025 .73 l.M340T·12 MPS2222A . .16 1.55/1 0 
7414 .89 74100 1.28 74198 1.49 402b 1.b8 LM340T-1S MPS23b9A . .16 1.55(10
7416 .25 74107 .JO 741 99 1.49 4027 .40 t.M340T-1 8 MPS271 2 . ..16 155/10
7417 .25 74109 .JJ 74251 1.09 4028 .89 lM340T-24 MPS2907A . .16 1.55/1 07420 .21 74121 .JS 74279 .55 4029 1.14 lM3900N 

MPS3392 . . .16 1.55{107421 .25 74122 .44 74 365 .67 4030 .73 lM3909 N 
MPS3393 . ..16 1.55/107423 .35 74123 .61 74366 .67 4033 I.SI MC1456V 
MPS3394 . .. 16 1.55/1 07425 .JS 74125 .40 74367 .67 4034 3.50 MCl4S8V 

7426 .25 7412b .40 74368 .67 4035 1.14 MC 3302P MPS339S . .. lb 1.55/10 
7427.33 74132 .70 8093 .40 4040 1.14 NE53b T MPS3563 . .. 16 1.55/10
7428 .28 74141 .88 8094 .40 4()11 .79 NE540 l MPS356S . .. lb 1.55/10
7430 .21 74\4S .70 9095 .67 4042 .79 NESSSV fN>S3638 . ..16 l.S5/IO7432 .25 74 1471.63 8096 .67 4()1J .70 NE556A 
7433 .30 74148 1.30 8097 .67 4()14 .70 NES60B 

7451 .21 74163 .88 75494 1.19 4073 .23 uA74lCV 
7453 .21 74164 .96 82S25 2.19 407S .23 uA747CA 
7454 .21 7416S 1.1 5 4000 .23 4081 .2J uA748CV 
7459 .21 74166 1.26 4001 .23 4082 .7J uA7805CU 
7460 .21 74170 2.64 4002 .23 4502 .79 uA7806CU 
7470 .30 74173 1.4 2 4006 1.23 4510 1.14 uA7808CU 
7472 .30 74174 .98 4007 .23 4Sll I.OS uA7812CU 
7473 .30 74175 .9J 4008 .79 4514 2.80 uA781SCU 
7474 .30 74 176 .79 4009 .44 4S15 2.80 uA7818CU 
7475.49 74177 .79 4010 .44 4516 1.'23 uA78'24QJ 

•1 .7 4011 .7J 4Sl8 1.14 

_ ro • , •_- _1_"---~~=~--1u_P___ · P1N_o P_

.II. 
rN0357 .lH" Si ngltO~ •I , CC 11.35 
fHDSOO 5 ' ~'"Iii. D".J •I (( .•....... 1 1.35 
fH0507 S" ~oriqLe 091t , CA ......... 1 1,JS 
fH 0800 a·· S'"llle Dll}rt . CC $2.SO 
fH D807 .8" Single DOQ •I, CA • . n .so 
NSHJ7J J " Dual Dog1! \, CC . • 2 .20 
NSN374 .J" Dool D~n\ , CA ........ •. 12 .20 
NSNS&JS" DoolDign1, CC .. .... 12.60 
NSH~4 ,S'' Doo!Dog1u, U. 12.ftO 
H'iN78J ,?" D...,!Dogn1 cc .. u .oo 
NSHtll-4 1" Dool Oo;;111. U. .. .... . . •3.00 
NS.L!!OS.J l .\l,Lomp 06.001100 
NS.L3056l ·l'·Lomp 11 6.0011 00 

ELECTROLYTIC CAPACITORS 
•..Atltla UlllW• 

.47f50V . .oa .65/10 .11 .90{10 
I /SOY .. .. .oa .65/10 .11 .90/10 100/SOV . . . .21 1.17(10 .20 2.30/10 
2.2/SOV . ..oa .65/10 .12 .90/10 220/lOV . .. .13 1.08/10 .18 1.42/10 
3.3/SOV . . . .oa .65/10 .12 1.00/10 220/16V . .15 l.1 6110 .20 1.55/10 
4.7/3SV . . . .oa .65110 .12 .9S/10 220/25V . : ..21 1.71 /10 .20 2.35/10 
4.7/SOV . . ..oa .68/10 .12 1.00/10 270/3SV . ...2S 7.03/10 .3S 2.79/10 
10/16V . .. .08 .65/10 .11 .90/10 270/50V . ...20 2.3S/10 .40 3.'23{10 
10/25V . ....08 .65/10 .12 1.00/10 330f6V ... ..14 1.1 2/10 .19 1.48/10 
10/35V . .. ..09 .70/10 .13 1.10/10 330/ lOV. ..15 1.16/10 .21 1.64(1 0 
10t50V . . . . .10 .75/10 .14 1.1 5/10 330/16V . . . .21 1.66/10 .J l 2.45/10 
22/16V .. ..08 .67/10 .17 l.00/10 3J0/25V . .. .23 1.86/10 .38 3.01no 
27/2SV . .. ..09 .70/10 .lJ 1.05/10 330/35V . . . .33 2.66/10 .43 3.43/10 
22/35V . ....11 .85/10 .l S 1.19/10 330/50V . ...54 4.30/10 .60 4.81 /10 
22/SOV . ....12 1.00/10 .17 1.3'2/10 470/6V .. . ..15 l.'21 /10 .70 1.61 /10 
33/16V . .. ..09 .75/10 .12 1.00/1 0 470/ lOV . . . .21 1.71/10 .Jl 2.45/1 0 
JJ/25V . . . . .10 .81 /10 .14 1.15/1 0 470!1 6V . ...23 1.81/10 .33 2.66no 
33/35V . ... .13 1.0S/10 .17 1.34/10 470/2SV . . - .20 2.JS/10 .43 J .43/1 0 
33/50V . ....14 1.13/10 .19 1.52/1 0 470/35V. . . .41 J.77/10 .47 J.78/10 
47/ IOV . .. ..09 .71/10 .13 1.04/10 470!.SOV . .. .54 4.30f10 .75 6.0J/10 
47/16V . . . . .10 .81 /10 .14 l.IS/10 1000/6V .. .22 1.90/10 .JS '2.76/10 
47n5v . . . . .13 1.05/10 .17 1.30/10 1000/ lOV . ..24 1.96/10 .38 3.07/1 0 
47/35V. ....14 1.13/ 10 .19 1.51/10 1000/16V . ..20 7.JS/10 .43 3.43/10 
4S/50V . . .. IS 1.21 /10 .21 1.71 /10 1000/25V . ..4'2 3.33/1 0 .68 5.42/10 
100/ l OV . .10 .77/10 .14 1.13/10 1000/35V. ..60 4.81/10 .75 6.oJno 
100/16V. .. .11 .8S/10 .17 1.30/10 2200/6V .. ..36 2.86no .43 J.43/10 
100/25V . . ..13 1.10/10 .20 l.5S/10 2200/lOV . ..42 J.3J/10 .60 4.81 /10 
100/35V . ..17 1.41/10 .2S 1.93/10 2200/16V. ..54 4.30/10 .68 5.42/1 0 

7437.2S 
7438 .25 
7440 .21 
7442 .53 
7443 .63 
7445 .70 
7446.70 
74.47 .70 
7448 .70 
7450 .21 

74150 
74151 
741S3 
74154 
741S5 
74156 
74157 
74160 
74161 
14 lb2 

1.1 6 
.70 
.65 

1.03 
.70 
.70 
.70 
.88 
.88 
.88 

8098 
75150 
75450 
75451 
7S452 
7S453 
75454 
7S491 
75491 
75493 

.67 
1.16 

.88 

.61 

.61 

.61 

.61 

.81 

.84 
1.09 

4046 1.86 
4049 .40 
4050 .40 
4051 1.26 
4052 1.26 
40S3 1.26 
4060 1.58 
4066 .79 
4071 .23 
4072 .23 

NE561 B 
NE562B 
NE56 5A 
NE566V 
NE567V 
uA709CV 
uA710CA 
uA711CA 
uA723CA 
uA73JCA 

MPSJ640 . . .lb 
MPS.3641 . . .16 
MPS3b43 . . .16 
MPS36'6 . ..16 
2NJ90.\ . .16 
2N.NC>b . ... 16 
2N4124 ... .16 
2N412b .. .16 
2N440 l ... 16 
2N4403 . .. .16 
2N441 0 . ... 16 
2N5087 . ... 16 
2N5089 . ...16 
PNS1'19 . ... 16 

1.55/10 
l.S5/IO 
1.55 10 
1.55/10 
1.55 110 
1.55/10 
1.55/10 
1.55110 
1.55/10 
1.55/10 
1.55!1 0 
l .55/10 
1.55/lO 
1.SS/10 

. .. lb 

... lb 

. . .lb 

...l b 

. ..16 

...16 

.. .68 
..99 

. ..99 

. ..lb 

...48 

. . .28 

...99 

. ..99 

1.55!10 
1.55110 
1.55/10 
1.55/1 0 
l.55/10 
1.SS/1 0 
6.59/tO 
9.20{10 
9.20/10 
J.JS/10 
4.50/10 
2.60/1 0 
9.20/10 
9.20/10 

2-56 1/4 So-ew .99/C 7.20/M 
2-56 1/2 Screw .941/C 7.6S/M 
4-40 1/4 Screw .55/C 3.60/M 
4-40 112 Screw .60/C 4.05/M 
6-32 I/4 Screw .65/ C 4.40/M 
6-32 1/2 Screw .75/C 4.85/M 
8-32 318 Saew .90/C 5.85/M 
8-32 5tB Screw .99/C 7.00/M 
2-56 Hex Nut .SS/C 3.60/M 
4-40 Hex Nuf .55/C 3.75fM 
6-32 Hex Nut .60/( 4.00/M 
3-32 Hex Nut .6-0/C 4.15fM 

20 go PVC. . 2.50/100' 10.00/500 ' 
22 go PVC. 2.80/100' 11.2S/500' 
24 go PVC. . '2 .101100' 8.50/500' 
26 go PVC. . 2.10/100' 8 .50/SOO' 

No. 2 Lockwosher .85/C S.7S/M 
No. 4 lockwo~her .45/C 3.00/M 
No. 6 l ockwosher .45/C 3.00fM 
No. 8 lockwosher .45/C 3.00/M 
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• Sc ratc h resistanl 

FREE CATALOGS. Repair air conditioning , refrigeration . $500 PER DAY POSSIBLE. New C.B. related business. 
Tools, supplies, full instructions. Doolin, 2016 Canton , Send 25 cents. P.A. Schubert Company, P.O. Box 187,MOVIE FILMS Dallas, Texas 75201 . Howell , Mich. 48843. 
MAILORDER MILLIONAIRE helps beginners make $500 
weekly . Free report reveals secret plan! Executive (1 K9J , 

333 North Michigan . Chicago 60601 . 


GET RICH with Secret Law that smashes debts and brings 

you $500 to $5 Million cash. Free report ! Credit 4K9, 333 
North Michigan . Chicago 60601 . 

PRHJ~~~~LE ONE-MAN 
ELECTRONIC FACTORY 
Investment unnecessary, knowledge not required, 
sales handled by professionals . Postcard brings 
facts about this unusual opportunity. Write today! 
Barta- DV, Box 248, Walnut Creek, CA 94597. 

If you have an idea for a new product. or a way 
to make an old product bet ter, con tac t us. "the 
idea people " We' ll deve lop your idea. introduce it to 
industry. negotiate for cash sale or royal ty licensi ng. 

Write now wi thout cost or ob ligation for free 
information. Fees are charged only for contracted 
services. So send for you r FREE " Inventor's Kit." It 
has important Marketing Information. a specia l 
" Invention Record Form " and a Directory of 1001 

• Corporations Seeking New Products. 

RAYMOND LEE ORGANIZATION 
230 Park Avenue North.New York .NY 10017 

At no cost or obl igallon. please rush 
my FREE " Inventor's Kit No. A· 112" 

I :::::,,--------------
City _______ State --  Z•P--

Phone No Ar c a Co ae 

ple 's money . Guaranteed. Free Details . Richlieu, Box MECHANICALLY Inclined individuals desiring ownership 
25357, Dept. FB, Houston 77005. of Small Electroni cs Manufacturing Business- without in
NEW LUXURY Car Without Cost. Free Details! Codex-ZZ. vestment. Write : Marks , 92-K9 Brighton 11th , Brooklyn, 
Box 6073, Toledo , Ohio 43614. New York 11235. 

The J.M.J. DIGITAL DISPLAY BEZEL 
FOR APPEARANCE AND PERFORMANCE! 

Now you can add a truly professional appearance to your digital projects 

and improve their performance as well ... With the JMJ BEZEL. It will vastly 

improve the readability of the display and put a finishing touch on any front 

panel. And that's important, for obviously, the display is the most looked-at 

feature on any piece of digital equipment. 


5 FREE PAMPHLET: "Tips on Marketing Your Invention ' 
4.95EACH from an experienced fee -based invention service company. 

Write : United States Inven tors Service Company, Dept. T,(Please order by color) 
1435 G Street NW, Washington DC 20005. 

FREE
PATENTED CHROMAFILTER® SCREEN 
• Eli111inal es g lare and re llec t1 o ns I 

I 
I 

• l111 proves contra sI and readab ility 
cas il y c leaned I 

• Gu i -pe rf orms c irc ular po lari zed type s I 
I• Ava ilab le 1n four co lorsUNIVERSAL SIZE IDIE CAST METAL FRAMEHANDLES MOST REQUIREMENTS 

• No nre fl ec li ve b lack fini sh 1· ~1.
i• Durab le- hea t res is tant 

• Int eg ral 6 -32 m o unting s tud s 
• N o exposed hard wa re

DEALERS INQUIRIES INVITED • Mount s in panels up to 31 16 " thi ck 

• Inc ludes a ll hard wa re and a specia lATTENTION CLOCK BUILDERS 
templa te fo r easy i ns talla ti on. 


Adapters for mounting clock modules ® Panelgraphic corp., w.Caldwell, N.J . 


and clock displays directly to the JMJ- 1i111•••••••••••••••11111t.I

BEZEL Assures perfect alignment and 1..4 
simplifies mounting (Please Order by 
Number) . S 

NAME~----.69 ea. 
ADAPTER #1 (F i ts the following) 

National Li ton Texas Inst. Bowmar 

MA 1001 LT 601 TIL 364 Opti-Stick 

MA 1002 LT 442 thru 
 CITY STATE ZIP 

NSB5917 LT 446 TIL 372 

NSB5921 LT 447 
 __ J.M.J. BEZELS at $4.95 EA. 

NSB5922 
 (COLOR: ) 

ADAPTER #2 (Fits the following) BURSTEIN-APPLEBEE__ ADAPTERS at $.69 EA. 
National Liton (NUMBER: _____ Dept. PE- 9 3199 MERCIER
MA1010 LT701 
MA 1012 KANSAS CITY, MO. 64111

POSTAGE & HANDLING 1.00MA 101 3 

ADAPTER-3 (Universal Mount) For mounting _____s_x_._N._J_._S_A_L_E_S_~_A_X_____.,____. NAME 


any PC Board to the JMJ-BEZEL (Requires 
 AMOUNT ENCLOSED ADDRESS 
two mounting holes in PC Board). 

TERMS : Minimum Order $4 95 J.M.J. TECHNICAL PRODUCTS, INC. CITY 

Add $1 00 to r Pos tage & Hand l1nq 

NJ Res iden ts Atld 5"· Sa les Tax 
 BOX 26, KENDALL PARK, N.J. 08824 

I STATE ---- - --- ZIP _____Send Check or M 0 - No COD s 
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MOVIES FROM: COLUMBIA PICTURES/WARN ER 
BROS. the greatest films in Super 8, sound or 
silent, "Lawrence of Arabia" , " Summer of '42 ", 
all your favorites. Send for your free catalog to 
Columbia Pictures 8mm Films, Dept. PE, 711 
Fifth Avenue, New York, New York 10022. 

BUSINESS OPPORTUNITIES 

I MADE $40,000.00 Year by Mailorder! Helped others make 
money! Free Proof. Torrey , Box 318.NN . Ypsilanti , 
Michigan 48197. 

HOW TO MAKE $2,000 WEEKLY al home using other peo

BORROW $25,000 interest-free!! ... keep indefinitely . Any 
one! Free Report . Executive-PE9, Box 368, Buford , Georgia 
30518. 

INVENTIONS WANTED 

INVENTORS: Manufacturers Need New Products . Free 
" Recommended Procedure," by a creative fee-based 
invention service company. Washington Inventors Service , 
422-T Washington Building , Washington , D. C. 20005. 
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INSTRUCTION HOME ENTERTAINMENT FILMS REAL ESTATE 

LEARN ELECTRONIC ORGAN SERVICING at home all 
makes including transistor. Experimental kit-trouble
shooting. Accredited NHSC, Free Booklet. NILES BRYANT 
SCHOOL, 3631 Stockton, Dept. A, Sacramento, Calif. 
95820. 

SCORE high on F.C.C. Exams .. .Over 300 questions and 
answers. Covers 3rd, 2nd, 1st and even Radar . Third and 
Second Test , $14.50; First Class Test, $15.00. All tests, 
$26.50. R.E.I., Inc., Box 806, Sarasota, Fla. 33577. 

UNIVERSITY DEGREES BY MAIL! Bachelors, 
Masters , Ph.D's. Free revealing detai Is. 
Counseling, Box 317-PE9, Tustin, California 
92680~ 
SELF-STUDY CB RADIO REPAIR COURSE. THERE 'S 
MONEY TO BE MADE REPAIRING CB RADIOS. This easy
to-learn course can prepare you for a career in electronics 
enabling you to earn as much as $16.00 an hour in you r 
spare time. For more information write : CB RADIO REPAIR 
COURSE, Dept. PE09, 531 N. Ann Arbor, Oklacity, Okla . 
73127. 

LEARN WHILE ASLEEP! HYPNOTIZE! Astonishing details, 
strange catalog free! Autosuggestion, Box 24-ZO. Olympia. 
Washington 98507. 

GRANTHAM 'S FCC LICENSE STUDY GUIDE - 377 pages , 
1465 questions with answers/discussions - covering third, 
second, first radiotelephone examinations. $13.45 post
paid . GSE, P.O. Box 25992, Los Angeles, California 90025. 

INTENSIVE 5 week course for Broadcast Engineers. FCC 
First Class license. Student rooms at the school. Radi o 
Engineering Inc ., 61 N. Pineapple Ave .. Sarasota, FL 33577 
and 2402 Tidewater Trail, Fredericksburg, VA 22401. 

HIGHLY EFFECTIVE Degree Program in Elect ronics En
gineering. Advance rapidly! Our 31st Year. Free literatu re . 
Cook's Institute , Box 20345, Jackson , Miss. 39209. 

1977 TESTS-ANSWERS for FCC First Class 
License. Plus "Self-Study Ability Test. " Proven! 
$9.95. Moneyback Guarantee. "FREE" BRO· 
CHURE. Command, Box 26348-P, San Francisco 
94126. 
GET your Commercial FCC License . New Exams by author 
of successful published workbooks cl FCC Practice Tests. 
500 Questions Second Class, $11.95; 200 First Class, $7 .95; 
100 Radar, $4.95; Postpaid . Save, all three $19.95. Com
plete mathematical solutions . Free counselling service. 
Victor Veley, P.O. Box 14, La Verne, Calif. 91750. 

RADIO BROADCASTING: Become a DJ-engineer , start 
your own station, receive free tapes-records. Learn detai Is 
lree. "Broadcasting", Box 5516-AI, Walnut Creek, CA 
94596. 

TAPE AND RECORDERS 

RENT 4-Track open reel tapes-free brochure. Stereo
Parti , P.O. Box 7, Fulton , CA 95401. 

8-TRACK and CASSETTE BELTS - money back 
guarantee . Long wearing. Free Catalog - $3 minimum 
order . PRB Corp., Box 176, Whitewater, Wisconsin 53190. 

GOVERNMENT SURPLUS 

MANUALS for Govt Surplus radios, tes t sets, scopes. List 
so cents (coin). Books, 7218 Roanne Drive , Washington, 

D.C. 20021 . 

GOVERNMENT SURPLUS. Buy in your Area. How, where. 
Send $2.00. Surplus , 30177-PE Headquarters Building , 
Washington , D.C. 20014. 

JEEPS, TRUCKS, Typically from $52.40 . .. Automobiles, 
Boats, Motorcycles, Airplanes, Oscilloscopes, Tools , 
Clothing, Sports, Camping, Photographic, Electronics 
Equipment 200,000 Bid Bargains Nationwide Direct 
from Government Low as 2 cents on Dollar! Surplus 
Catalog and Sales Directory $1.00 (refundable). National 
Surplus Center, 240 Eastcass-PEL, Joliet, Illinois 60432. 

PERSONALS 

MAKE FRIENDS WORLDWIDE through international 
correspondence . Illustrated brochure free. Hermes-Verlag , 
Box 110660/Z, D-1000 Berlin 11, Germany. 

MUSICAL INSTRUMENTS 

UP TO 60% DISCOUNT. Name brand instruments catalog. 

Freeport Music, 114 G. Mahan St. , W . Babylon, N.Y. 11704. 
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EVERYBODY LOVES MOVIES! Order these Alfred Hitch
cock thriller specials. "Frenzy " or "Psycho" 200' Super 8 
silent $7.95 ea - Super 8-mag sound. $16.95 ea ppd (you 
save $2.00). Or 400' S-8 color-sound " Frenzy" or " The 
Birds" only $45.95 ea ppd . Or "Psycho" S-8 B&W sound 
$35.95 ppd (you save $5.00 per print inc l . postage ). 
Comedy gala Abbott & Costello "In Society" and A&C 
meet the "Key Stone Kops ". Universal Super 8 B& W-sound 
$35.95 ea ppd . Also Marx Brothers in " Monkey Business" . 
Limited Offer. Reserve Right to lim it quantity. Send for 
Columbia cata log. $0.85; Universal 8 cata log, $0.75; 
Sportlite forms, $0.35. SPORTLITE, Elect-9. 20 N. Wacker 
Dr., Chicago , IL 60606. 

RUBBER STAMPS 

RUBBER STAMPS, BUSINESS CARDS. Many new prod
ucts. Catalog. Jackson 's, Dept. K, Brownsville Rd .. Mt. 
Vernon, Ill. 62864. 

BIG ... FREE ... FALL CATALOG! Over 2,500 top values 
coMt to coast! UNITED FARM AGENCY, 612-EP, West 
47th, K•nsas City, MO 64112. 

EMi:>LOYMF.NT OPPORTUNITIES 

ELECTRONICS/AVIONICS EMPLOYMENT OPPORTUN
ITIES. Report on jobs now open. Details FREE. Aviation 
Employment Information Service, Box 240E, Northport , 
New York 11768. 

TREJl.SURE FINDERS 

SERIOUS COIN SHOOTERS - Semtech's solid-state 
METL-SENSOR pin-poin ls ALL melal objects, yet defines 
the target before you dig. FOR FREE li terature write 
Semtech Corporat ion. 652 Mitchell Rd ., Newbury Park, 
Calif. 91220. 

~--

SIZE : 

FEATURES AND SPECIFICATIONS : 
DISPLAY : 8 RED LED OIGITS .4" CHARACTER HEIGHT 
GATE TIMES : 1 SECOND ANO 1/10 SECOND 

[AUTO DEC. PT. PLACEMENT ) 

NEW LSI TECHNOLOGY 

FREQUENCY COUNTER 
TAKE ADVANTAGE OF THIS NEW STATE-OF-THE-ART COUNTER FEATURING THE 
MANY BENEFITS OF CUSTOM LSI CIRCUITRY. THIS NEW TECHNOLOGY APPROACH 
TO INSTRUMENTATION YIELDS ENHANCED PERFORMANCE, SMALLER PHYSICAL 
SIZE, DRASTICALLY REDUCED POWER CONSUMPTION [PORTABLE BATTERY 
OPERATION IS NOW PRACTICAL]. DEPENDABILITY, EASY ASSEMBLY AND 
REVOLUTIONARY LOWER PRICING! 

RESOLuTION : 1 HZ AT 1 SECON D, 10 HZ AT 1110 SECOND. 

13/• LBS. 3" High FREQUENCY RANGE: 10 HZ TO 60 MHZ. )65 MHZ TYPICAL[. 


SE NSITIVITY : tO MV RMS TO 50 MHZ. 20 MV RMS TO 60 MHZ TYP.
COLOR: 6" Wide INPUT tMPEDANCE :. 1 MEGOHM AND 20 PF . 
BLACK 5112" Deep )DIODE PROTECTED INPUT FOR OVER VOLTAGE PROTECTION. ) 

ACCURACY o 1 1 PPM ) ' .000t 0 o); AFTER CALIBRATION TYPICAL. 
STABILITY: WITHIN 1 PPM PER HOUR AFTER WARM UP J.001 °o XTAL J 
IC PACKAGE COU NT : 8 [ALL SOCKETED ) 
INTERNAL POWER SUPPLY: 5.2 V DC AT 800 MA . REGULATED. 


ORDER BY PHONE OR MAIL INPUT POWER REQUIRED: 8-12 voe OR 1t5 VAC AT 50/60 HZ . 

COD ORDERS WELCOME POWER CONSUMPTION : 4 WATTS 


INPUT CONNECTOR: BNC TYPE 

. 60 MHZ COUNTE R WITH CABINET & P.S .. . ... $119.95 KIT#FC-50C 
.. 350 MHZ PRESCALER [NOT SHOWN) .... . ... .. .. 23 .95KIT #PSL-350 .... 

29.95.. 650 MHZ PRESCALER )NOT SHOWN) .. .. . . KIT #PSL-650 .. 
. 165.95 


M0DEL#FC-50/600WT.. 600 MHZ COUN TER WIRED. TESTED & CAL. . 199.95 

MODEL #FC-50WT ....... 60 MHZ COUNTER WIRED. TESTED & CAL. 


KIT #FC-50C IS COM PLETE WITH PREORILLED CHASSIS ALL HAROWARE AND STEP-BY-STEP 

INSTRUCTIONS. WIRED & TESTED UNITS ARE CALIBRATED AND GUARANTEEO. PRESCALERS 

WILL FIT INSIDE COUNTER CABINET. 


TERMS; FOR SHIPPING, HANDLING & INSURANCE 
TO US & CANADA ADD 5% ALL OTHERS 10%. 
FLORIDA RES . ADD 4% SALES TAX. COD 
CHARGE $1.00. 

BAHKAMERICARO••...-· OPTOELECTRONICS, INC. 
BOX 219 • HOLLYWOOD. FLA. 33022 • (305) 921-2056 

~ -· .,., 
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Specifvcolor , ....,--f~§ 

blue, green. 
At 1h i5 low 

VERY AFFORDABLE 
AND UNBELIEVABLY 

BUILD A WORKING DPM IN 1/2 
HOUR WITH THESE COMPLETE 
EVALUATION KITS. 
Test these new parts for yourself wi th 
lntersil's low-cost prototyping kits. com
plete w i t h AI D converter and LCD displa y 
(for t h e 7106) or LEO display {for the 
7107). Kits p r ovide a ll materials, including 
PC board. for a functioning panel meter. 

ICL7106EV lLCDI 

ICL7107EV (LEO) 

$29.95 

$24.95 

CAPACITORS 
SOV CERAMIC DISC $1.00 Per Package 

5pl 9 /pkg JOOpf 7/pkg .0047mld 9/pkg 
15pl 9/pkg 330pl 7/pkg .OOSmfd 9/pkg 

._..;.J-um-'--p-er-X---1-00_W_M_i-ni_H_o_o_k___t-J-u_m_p_e_r_w-it_h_X--10_0_W_M-in-i---t :~·a.::::, h~~= c·;~:~::n\ ~::.:, ~0:,:10c:; 01~:::1 a,~~~ob:~;v 0~5~~te,'n : !~!k~:~ =~:~~~~~ 

25pf 9/pkg 390pf 7/pkg .0 1mfd 9 /pkg 
27pf 9/pkg 470pf 7/pkg .0 15mfd 8/pkg 
47pf 8 / pkg 560pf ·7/pkg .02mfd 8/pkg 

to Stacking B a nana Plug Hook Order No. Le n g t h hon motion conuol • Rew•~ •••Id on all cha,ac1"1 • 64 .. and.l•d ASCII ch.l• . 64 g•.l0h1c ch•• 

68pf 8 /pkg 680pf 7 / pkg .022mfd 8 / pkg 
100pf 8 / pkg .001m fd 9 / pkg .03mfd 8 / pkg 
150pf 8 / pkg .0015m fd 9 / pkg .039mfd 7/pkg 
220pf 8 / pkg .0022mfd 9/pkg .047mfd 7/pkg 
270pf 7/pkg .OOJmfd 9/pkg . l mfd 6/pkg 

Order No. L e ngth Price 201 XM 32" 

20 1W 32" $1.35 , ,_:..~ ~:j~ 
~ec;fycolo,_ 

__, 
EXTRA LONG MINI HOOK 
X L· l Mini Hook (5.0" long) combine• all tho provo" footures ol t ho X 100W 
with an oxtr11 long body. It will make 111fe, short ·frao lost connoc1ions in 
card racks and lrhough doop wirin g nos! up to 4'" .. ORDER P/N Xl·1 

Specifv color. $1.25 

JUMPER, XL-1 MINI HOOK TO STACKING BANANA PLUG 

,~ Order No. Le n gth 
20 1 XL· 1 32'" 

...~ Spccifv color. Price 
- $1-95 

NEW from FLUKE - MODEL 8020A 

THE DMM FDR THE PROFESSIONAL 

• 200 Hr Battery Life 
• 26 Ranges for 7 Funct ions 
• 2000 Count Resolution 
•H igh -Low Power Ohms 
• Autozero and Auto · 

polarity 
• MOV·protected to 6000V 

against hidden transients 
and overload protection 
t o 300 V A C 

•Diode T e11 Functio n 
•Conductance Function 

c hecks leakage resistance 
to 10,000 m egohms 

• Size: HWL (7. h:3.4x 1.8 
IN ) 

( 18.0x8.6x4.5 
om) 

• Weight : 13 oz . 

ON LY 

$169.00 

KEYBOARD 
9·112"' wide" 3" deep. 73 key1 • AU 64 ASCII ch~rltCtert ava ilable ....,th oul 1h1I! • Ca!cul.itof 11yte 
n\Jmettc kev p,:id • All 64 g•!lllh•c nnd reverie ' "Id chnrac1e•1 ncc•n•ble trom i.. evlloard lw1th 1hdtl 
Screen Cont• OI Clur ande•.nt • Ed1t1ng Ch111;1Cier1nu rt• Of\llndd,let1on PLESSEY POLYESTER MINI BOX
CASSE TTE STORAGE 

MF V S MF V S MF V S 
.001 1000 .14 .012 6 30 . 14 . 15 100 .20 
.0012 1000 .14 .015 400 . 15 . 18 100 .21 
.0015 1000 .14 .0 18 400 .15 .22 100 .23 
.0018 1000 . 14 .022 400 .15 .27 100 .26OPERA TING SYSTEM 

Suppon1 mulople l,Jn!r-fage1 • MK h1ne longu~IJI! <tCCl!U•b•li ly • File management 1n OPl!•a11ng 
wu;rm • Cur1or cont•ol , 11ver11 l1eld • nd gr,1ph•c1 unde• 11mp1e BASIC con11 01 • Caue11t Ille 
mon*men1 lrom BASIC • T1ue .andom numbe• go!nerp11on '.l• Pltudo u1ndom ''ouen<:e 

.0022 1000 . 14 .027 400 .15 .33 100 .30 

.0027 1000 .14 .033 250 . 15 . 39 100 .33 

.0033 1000 .14 .0 39 250 . 15 .47 100 .36 

INPUT/OUTPUT 
INPUT/OUTPUT 

.0039 630 .1 4 .047 250 .15 .56 100 .44 

.0047 630 , 14 .056 250 . 15 .68 100 .47 

.0056 630 . 14 .068 250 .15 .82 100 .54 
All 01he• 1/0 \UPPOoted lh•ough IEEE.488 1n11rumen1 1nicdo;;:e v.t'llCh •llOW\ IQ< mul 11pl, •l"l t' lli 
9f<nl ~11Phual 1 • All 110 1u1uinR1tca11v managed t>v !>Pf•a1•n11 wnem 1ot1wart • Single chnr...:· 
!" 1/0 with GET commitnd • Easv M:•ttn hne~d•I c;ipaboh 1y • F101ble 1/0 u •uc 1u• e 1llow1 

.0068 630 .1 4 .082 250 . 17 1.0 100 .60 

.0082 630 . 14 . 1 100 .17 

.01 630 . 14 .12 100 . 18 

OAS IC INT ERPRETER MATSUO DIPPED TANTALUM 
Expanded BK BASIC • Utlw11•d opar1~1on trom curfl:nt popular BASIC r~nguag.i • Suu'I~. 1n 1 ~g 

1u1 and mull dim 11Hav1 • H1!1fl P•ec•\1on ! 10 11gn1f•c.1nt d1g1ul • Ouec1 mem0<v .:ce·u !h•ouon 
PEEK .ir>d POKE eomm;ind1 

MF V ·S MF 
. 1 35 . 33 2 .2 
15 35 33 2 .2 

V S MF 
20 .33 10.0 
35 .40 15 .0 

v $ 
35 .90 
20 .45 
35 1 .32 
16 .45 
20 1 .32 
20 1 .53 
16 1 .62 

IN4007 10/ 1.20 

.22 35 . 33 3 . 3 35 .42 15 .0 

. 33 35 .:!3 4 .7 35 .45 22 .0 
47 35 .33 6 .8 16 .40 33.0 

.68 35 .33 6 .8 35 ,45 47 .0 
1.0 35 . 33 10.0 16 .42 68 .0 
1.5 35 .40 10.0 25 .4 5 

1% MICA 500V 
51 PF .29 220 PF .41 
62 PF .29 240 PF .46 
75 PF .29 300 PF .50 
82 PF .29 390 PF .50 

JOO PF .30 470 PF .50 
120 PF .32 620 PF -52 
150 PF .35 820 PF .53 
180PF .4 1 JOOOPF .60 

1500 PF .60 
2000 PF .90 
2200 PF .94 
4700PF 1.80 
5100 PF 1-80 

10000 PF 3.60 

A LUM INUM ELECTROLYTIC (RADIAL LEAD) 

MAX -100 
FREQ COUNTER 

e 20 H1 lo 100MH; 

e a OiQ•I Accu••CV 
• . 6" LEOD .. play 

OTHE R CSC PRODUCTS 

SOCKE TS AN O BUS STRIPS 
P1ug-1n, wue, 1eu. mod1fyo• o.pand 
w1thou1 P~lch COH1~ O• 'Old!!• Sn.ip 
IOgethe• 10 lo•m h1eaoboard net<fed 

OT59S Soc~ •• 118 
OT59B 81.a 20 2 . ~o 

0T47S Soc~•t 94 10.00 
OT47B Bui 16 2.25 
0T35SSoc••• B.50 
OT35B Bu1 1:1 2.00 
OTIBSSoou 36 4.15 
OT12SSoc>.ll 24 3. 75 
OT8S Soci..et 16 3.25 
ans Soc~•t 14 3.00 

PROTO BOARDS 
ANO EXPE RMENTERS 

Ou rld,md li!'l/ClfCu •U 
<IJ IJ11r ,u ~OU rflinkl 

P86 S159 5 

re 102 
PB103 
P8104 79 95 
EX300 995 

10 95 
PROTO·CLIP 

PC!4 14 P•nS 4.50 
PCIG 16 p,,, 
PC20 24 •Qon 8.!'0 
PC40 40·pon 13,75 

DIODES 
IN914 10/1. 00 
IN400 2 10/ 1.00 
IN4003 10/ 1.00 
IN4004 10/ 1.00 
IN4005 10/ 1.1 0 
IN4006 10/1.20 

RESISTOR ASSORTMENTS 
Each uson men t co ntains 5 pc1 each ol 10 dilferen t v1lues. 

Values lnclud•d .1•• shown in (O hms! 
%.W,5 % (50 pcs 101111. ..$1.75 / Y, W,5 % 150 pcs toull .. .$1.85 

Asst.1: 10 , 12 . 15 . 18 . 22. 27. 33, 39. 47 . 56 ohm 
Asn.2 : 68 , 82 , 100, 120. 150. 180. 220. 210, 330, 390ohm 
Asn .3 : O70. 560 . 68 0 , 820 ohm. 1 K, 1 2K . 1 .SK . 1 .8K. 2 .2K .2. 7K 
Assl.4 : 3 JK , 3 ,9K. 4 .7K , 5.6K, 6 .8K . 8 .2K. 10K . 12K . 15K . l BK 
Asst.5 : 22K . 27i< . JJK , 39K. 47K . 56K. 68K . 82K . lOOK . 120K 
Aut .6 : ISOK , 180K, 220K , 27 0K , JJOK . J90K .470K ,560K ,680K . 

820K 
Aut.7: IM , 1.2M .1.5M , 1.8M .2 .2M.2 7M.3.3M .3 .9M .4. 7M,5 .6M , 

( ~, w Auortment No .7 doe1n·1 in clude 5 .6M l 
Aut.B R :! All 'even anor1 ment1 abovit) 

;~ w 5% 350 llCS 101al :S10.95 ~·.w . 5% . 350 DCI !0!'111:$11.55 

POPULAR ELECTRONICS 

E-Z Hooks have been designed and field tested through the industry to save 
t ime and money in commercial electronic production and servic ing. The 
spring-loaded hook attaches firmly, yet so gently 1t will not damage compon
ent - frees ha nds while testing . Durably constructed and fully insu lated to a 
single contact point assuring 1rue readings . Meets exacti ng labora1ory and 
space age computer technology requirements . AVA ILABLE IN 10 RETMA 
COLORS: Red . b lack, blue. green, oragne. yellow. white, viole1. brown 
or gray . 

MICRO HOOK n 

XM Micro Hook (1.75'" long 
< 1 gram) for difficult IC Testing. 

Permiu hookups to delicate wi res 
where weight and ltwerage m ay 
damage component . ... .. . $.80 oa. 

Specifv color. ORDER P/N XM 

XM-S MICRO HOOK SET ( Includes 1 oa. rod. black 
orange, yellow, white. brown, violet nnd gray Micro Hook). ' 
price you carl afford more than one set. 

COMPLETE SET (10) MICRO HOOKS S7.95 

Jumpe r with X-100W 
X100W Mini Hook (2 . 25" long! Mini Hooks
combines rugged COr'llttuct io n, minla ~J~
1ure size and Finger -eze Hypo Ac1ion Order No. Length Price . 
for a ll th e belt test connoctions. 204 ·12W 12" $1 .60 
Hoo k is large enough for component 204 -24W 24"' 1 .60 BK ·BASlC 1n1erp"1" 
leads, vet small enough to ge1 in 10 Specifv color. ~- 4K-Opernt1ng1y11em
tight p lacOI . S.75 oa. 1 K-01agn01hc •ouhne 

,..,,-~,l 1K·M.i:h1nelanguagemon11or 
~~f;:· fy ORD~R P/N X100W VIDEO DI SP LAY UNIT 

Jumpe r with XM 

Micro Hooks 

Order No. Le ngth 
204XM -12" 12'' 
204XM -24 • 24" 

@Our Quality Is Best! 

SPECIFICATIONS 
OIMENS IQNS LWO 18-112, 16-112 • 14 
WEIGHT 041tn 
MEMORY 
RAM lu~d 4 1( !SK OPT.I op 10 J2K 
ROM hn•den 1 ~ra1 1n!jl1ym1ml 14K 

QUITE PORTABLE 

VERSATILE 
the PET 

computer 
may very well 

be a lifetime 
investment 

PET 
MODEL 2001 

$595.00 

OPT. BK RAM 

ONLY $795.00 
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MICROPROCESSOR 

AUDIO 
HYBRID 

CRYSTALS 
• FREQUENCY HOLDER PAR T PR ICEPOWER {M Hz) NUMBER 

AMPLIFIERS 
1.00 HC33 CY 1A SB.55 

• Mulri-purpose l inear ampl i f iers for comerci al an d indus 2.00 HC33 CY2A 6 .75 
tr ial appl icacations . 3.2768 HC33 CY3B 4 .80 

• Less than 0 .5% harmonic distortion at full power leve l. 
4 .00 HCl 8 CYJA 4 .80• • 1/ 2 dB response from 20 to 100,000 Hz . 
4.434 HC 1s cv4c 4.so• Sing le or spli t (dual) power supply . 
5.00 HC 18 CY7A 4 .80 MOTOROLA'S EDUCATOR 11• R ugged , compac t and light weight packages . 
5.068 t-t C 18 CY58 4 .80 MICROCOMPUTER HEP KI T 

rad iating construct ion. 
• Built-in curreru limiting for Sl - 1050G and eff icient heat 

5.7143 HC 18 CBSC 4 .80 • Motorola M6800 T e c hnology 

6 .00 HC18 CY6B 4 .80 • Test -as-you b u ild rn easy ste p s - normally one 
evening aue mbly

TYPICAL CONNECTIO NS 
10.00 HC18 CY 12A 4 .35Sl - 1050G WITH SP LIT SUPP L Y • Comple tely solf ·con111 incd w lt h alt pans, cabi n cl 

SANK EN Ser ies S l- 1000G ampl ifiers LEFT and instru c 11on<1 I manua l 

are sell-contained power hybrid am· 

plil1ers designed lor Hi- F i, stereo, 


14 .3 18 18 HC18 CY14 A 4 .35 
Get srarted in the fasciniJting 

world of Micro Compu ters 5169.95
15.00 HC1 8 CY I SA 4.35 

mus ical instru ments, public address 18.00 H C18 CY19A 4 .35 	 for only 

0~ 1000 

11Q•••osystems and o th er audio applica1 ions . 
Th e ampl ifiers have quasi-co m ple · D20.00 HClB CY22A 7.20 	 EDUCATOR II 

23 .684 HClB CY23B 4.35 	 POWER S UPPLY KIT;;~t~~~ c1,~~;!hfpu1~~~s i~~~sci:~t~ RIGHT 
27 .00 HC18 CY27 A 4 .35 • 5 V @ 1.0 Amps 


powe r 1ran sistors with excellen1 sec 

high re liabili ty and passiva ted chip 

32.00 HC 18 CY308 	 • Design ed spec if ic ally f or4 .35 

1 11ondary brea kdow n strength . Bu ilt-in i---M-1C_R_O_P_R-OC_ E_S_S_O_R_&_ S_U_P_P_O_R_T_C_IR_C_U_IT-S--f ~1uc.no r M icr o compuier 
curr en1 limiting is provided for $ 1
1050G and all devices can be oper 

10··•0 
• Comple l e Ki l - all parts. 

P8080A 	 17. 50 A M82J8P.C M..., 0026CN c abinet a nd c o nsiructionated from a si ngle or split powe r 
C8080A 19.50 CB251 14.J O M H0026CH 5.50 manual 
Cl102 A 13 4 0 1 

1

:~ 1 
c:noa 33.50 ;::ci: 	 ~ .:6 =~ :6: . , ! : ~6 t-:=:=::;:-::=:=======-==-,...---1~~~;~~~G (10Woutputl .. . $ 6 .90 {Ji•< i~,@l~ 
P821:0' 	 4 .10 25 121( 4 JO P2 102 1.70 

Sl ~1020G (20W output) ... $13 .95 .-c P82 14 8.95 2524 V 4 00 P2 102 l J.45 
Ptf216 3 .90 2525V 2.40 P2 11 1 J . 70 
,'\M8224PC 6 20 25JJV 4 9 0 P2 11 \ . \ 3.70 

Data Sheet with Application Notes - S0.50 1
' ,.., ; .." ;;~' :i . 

Sl·1050G t50Woutput) .. . $26.80 '"" 

P82:!6 	 J .90 N8T26B J . 10 P2 11 2 2.9 0 
,\ M 82:!8PC 	 B.20 N8T97 1 60 P2 112·2 3 . 70 

7400N 	 7453N .22 74145N 1.20 74 221N 1.30 74 L590 N .84 74LS258N 1. 10 74 H76 ,42 74 $1 <!.Q 62 74C89N 14 .00 

7454N .22 74147N 1.80 74 247N 2 l Q 74L592N 86 74LS260N 44 74 H1 01 .42 745151 l.8Q 74C90N 
 1.:zoSERIES 7414 8N 1.70 74 25 1N 1.80 	 1 36 
7459N .25 	 74 L593N .86 74 L5261N 1.90 74 H1 02 .42 74S153 2 20 74C93N 1 36 •o

1.50 74 278N 3 40 . 5 47400N .16 7460N .22 74150N 74LSgSN 1.00 74 LS266N .72 74H IQ3 42 745154 2. l Q 74C95N 1.80 

7401 N .20 7470N .48 74151 N 1.10 1.24 74 LS273N 2.66 74H l06 48 745 157 1.8Q
74 279N l 10 74L596N 74C10 7N 1 9074 293N .90740 2N .26 7412N .44 74152N 1.10 74LS107N 46 7~ LS281 N 7.60 74 H 108 48 745158 1.80 74C l 51N 382 •2074 298N 1 40 74L5109N .467403N .26 7473N .42 7415JN 1.1 0 	 74L5283N 200 745160 3.60 74C154N 5.7074 365N 	 .80 74 L51 12N 7451617404N .22 7474N .42 7'1 154 N 1.10 	 .64 74LS290N 1.76 3.60 •o'° 74C 157N 3.42 
7405N .23 7475N .GO 74\SSN 1. 10 74L5 l 13N .64 74 L5293N 1. 76 74S 74S l 72 6.00 
7406N .36 7476N .60 74156N 1. 10 74 LS11 4 N .92 74 L5299N 6 14 745 174 2.00 

74L'S 	 74C160N 2.04 2·"!;0 NEC S INGLE BOARD
74C 16 1N 2.04 60 TK -80 MICROCOMPUTER 


7408N .28 7481N 1.GO 741 58N 1.30 74L501N •l4 74LS125N .GO 74 L5367N 70 74S0 1 76 745 178 2.36 NC 163N 2 04 

7407N .36 7480N .80 741 57N 1.10 74L SOO N 36 74LS123N 1.10 74 L5365N .70 74500 46 745175 2.00 74C 162N 2 04 402 9 ·lE: 	 .•o 

402!lAE 	 FOR LEAR NING BOSOA"o4,74L502N 1.447409N .28 7482N 1.40 741GON 1.20 32 74LS132N 74L53 7'1N 32 1 74502 44 7451 7g 2.36 74C l 64N 1 80 $395.00 MICROCOMPUTER SYSTEM 
7007410N .24 7483N .82 74161N 1.70 74L503 N .32 74L5 136N .7•1 74 LS375N .82 74503 .44 745 181 6 .00 74C165N I.BO 1.00 • S ing le boa rd microcompu1cr system. 


74 12N .38 7485N 1.20 74163N 1.40 74 LS05N .33 74LS139N .99 74 LS381N 4.56 NS05 .50 74S189 3.20 74C 174N 1.66 

741 lN .27 7484N 1.20 741 6 2N 1.80 74LS04N .36 74L S138N .99 74 L53 78N 1 60 7•1504 .50 745 182 2 36 74C 173 N I 66 1.50 	 • O n board d isplays an d keyboa rd . 

>. OO 
7413N .48 7486N .44 74L S08N .36 74L5 145N 1.64 44 74S\g4 2 00 .•o •Po w e rful monitor program in fac tory74164N 1.40 	 74 L5386N .72 74508 74C175N 1.66 
7414N 1.16 7489N 2.2Q 74165N 1.50 7<1LS09N .44 74 L5 14 8N 3.45 74 LS399N 2. 15 74S09 .76 74 S195 2.QO 74C 192N 2.04 •o 	 coded ROM .74l5 10N 2.ao 

74L5 1 l N 
74 16N .42 7490N 56 74166N I ;50 32 74L5 15 1N BB 74 LS670N 3.95 74S10 74 Sl96 2.66 74C 193N 3 74 

'50 	 • Easy systom oporotion.7417N .42 	 32 74 LS 153N .8B 44 7'15197 2.66749 1N .80 74167N 390 	 74511 74C22 1N 2 04 1.43... 	 • CMOS R AM battery back up capability .7420N 7492N 74L S15N 74LS l 55N 1.80 

7421 N .28 7493N .62 74173N 1.60 74LS20N 32 74L5 157N .BB ·:: ~: ~~;~ 1.92 1.00 


.22 .58 741 70N 2.00 .4 4 1.50 745 15 74C901N 1.0074H • Provisions for audio cassette tape for 

7422N .58 7494N .88 74174N 90 74LS21N 44 74LS158N 99 74 H01 .32 74S21 76 74S257 1 92 74C903N 1.00 


74520 74C902N 
' "so external s torage. 


7423N .34 7495N 90 7417 5N 1.20 74LS22N 4 4 74 L5 160N I 25 74HQ.1 32 74522 44 74S258 1.80 74C904N 1.00 
 "o • Syste m expandability.

7425N .40 74g6N .80 741 76N 1.10 74LS26 N 33 74L 5 16 1N 1 25 74H05 32 74530 60 745260 50 74C906N 1.00 


•SO 
• Batte ry operation capability. 

.28 4 .00 74177N I. IQ 1.25 74H08 .34 74S32 .50 74S280 74C907 N 1.007426N 7497N 74L527N .44 74L Sl62N 4 .00 

7427N .36 74 10QN 1.20 74178N 1.30 74L S28N 33 74LSl63N 1.25 74H l0 32 74537 56 745289 3 60 74C914N 2.20 


• I nstruct ivo program ex Am p ies !or 
learning.7428N 50 74104N 50 74179N 1 7Q 74L530N .32 74LS164N 1.5(1 74H l 1 32 74540 .44 74C922N 5.7074LS32N 	 74COO • Info rmative documentations. 


7432N .32 74 107N .42 751 8 \N 3 .10 74L S174N .80 74H21 .32 74551 76 74 COQN .3B 74C926N 12.00 


7430N .26 74 IOSN .90 741 80N 1.10 36 74L5 170N 3 20 74 H20 .32 74550 76 74C925N 12 0074L S33 N 	 .56 .60" 
7433N .44 74109N .56 741 82N 1.00 74LS37N 50 74L S175N .80 74 H22 32 74560 74 C02N .3B 80C95N 1 16.76 

7437N .36 741 10N .80 741 84 N 2 .70 .58 74LS 18 1N 4 92 74 H30 32 74564 44 74C04N 3B 8QCg 7N 1.00
74LS38N 

74L S40N7438N .35 741 1 lN .80 7418SN 2 .90 .44 74LS190 N 1.50 74 H40 .32 74S65 .76 74CQ8N 3B 

7439N .36 741 16N 1.9Q 74188N 2.90 74 L542N 92 74LS19 1N 1 50 7<1H50 .32 74S 7<1 70 74 C10N .3B ~-------' 
4076AE 

7440N .26 74 11 8N 1.90 74190N 1 40 .44 74LSl 92N 1 20 75H 51 .32 74576 1.1 6 74C14N 2.20 
 "o74 L55 1N 

4077 A E SS
74L554N 	 44 C - MOS 401BAE7441N .90 74 121 N .48 7419\N 1.20 74LSl 93 N 1.2 1 74 H52 .32 7'1578 1 16 74C30N .3B 
74LS55N 	 .44 J.09B A E 1." 50 
74 LS73N .46 

7442N .66 74 122N .48 74192N 1. 10 74LS194N 1 32 74H53 .32 74S85 2 50 74C32N .3B 
.!.OOOAE I !> 1.25 

74 l574 N .46 
7443N .74 74 123N .80 74193N 1.10 74L5 195N 99 74H54 .32 74586 6B 74 C42N 2.0 8 

<l.OOtAE 26 4!'>08A£ 2. 107444N 1.00 74 125N .5'1 74194N 1. 10 74LS196N 2.76 74H55 .32 7451 12 68 74 C48N 3.32 4 510AE 	 1.5074LS75N7445N 1.00 74126N .54 75195N 1.60 .70 74L S19 7N 2.84 74H60 .32 745 11 3 BO 74C73N 1 00 " 74L5 76N 	 .567446 N 1.00 74128N 58 741 96N 1.40 74L522 1N l. 76 74H61 32 74S 11 4 2 OB 74C74N .BS l;>O 
74LS78N 	 92 2. 75 

10 run vou • 8080A 1 vs1em 
7447N .98 74 132N 1.40 74 197N 1.30 74L S241N 3 .00 74H62 32 7.15133 44 MC76N 1.00 

-lOO!I AE 2. 7574 L583N 1.36 " 744 8N .98 74136N .90 74 198N 1.60 74 LS25 1N 1 10 74H72 54 74513'1 BO 74 C83N 2.74 
J.00!}Af. 11 1 b •pol• • 1pe1~<h. l neluClon74LS85N 1 40 ' so ~---7450N .22 74 141 N 1.60 74199N 1.40 74L S253N 1.10 74 t.t73 .42 74S 138 1 76 74C85N 2 74 PC boe •CI. all e ornponenu150 StGNETICS 3000

7451 N 22 7~143N 4 .80 74 200N 7 50 74L586 N .46 74L S257N .95 74 H74 1 02 74S139 1 80 74C86N .9B 1.50 DESIGNERS KIT,. 
$299.00,, "s ~~~~~ ,~· "° '"" Ull'I"' C on2.DS1.90 LM709CH 75LINEAR IC 'S LMJ02N 

6 0ANC RO NA DI SCOUNT POLICY LMJQ.1H 1. 50 LM710CH .90 ~l~~::..'•"••~I ... .,~... ...g 

FOR ALL 7400SERIES TTL IC'S LM 10 1 /\ H J .50 LMJ05H lAO LM7 10CN .90 DIP ;=~ -~;~ :~~ l;:~ ~"7 ;~:,:L M I QI F 5 .65 L M305A H 2 30 LM 1 15 H 9 .00euv 10 PE R T Y PE • . .. 5~ DISCOUNT 
lu 6 TJ l 8oa .. ec1•G.,• o• o•... ,LM 105 H 4.9 0 U.., J05N 1.50 L M1 1SCH 2.90euv 25 PE R TVPE ... 10• . D ISCOUNT '1u 11 1 11;;. a~ ... 11 .., ''""' L M 105 F 9. 00 LM 306H G.80 LM 175CD 6 .40 


avv 1000 MIX E 0(25PE l'IT VPEl 20, OISCOUN""I 

evv IOQ MIXED 11 0 PER T VPE I•.• 15"- DISCOUNT 

28 p,,.. 99 90 8 > 

______....,__•L•IN•E•A-R--"'I ~~~g~ ~ J.95 !...MJ07N .90 L/\.1723CD 1 40 


LM 106H 9 .00 LMJ07tl .95 LM723CH 1.20 SOCKETS 36 p,,, ' '39 26 	 ' >5
40 p,,.. OROERPARrt:o Sl00.00I 59 1 45 ' 3 04 .9 0 LMJOSH 1 50 LM72JCN 95 JOOO« T IOOO 

LOW PROF ILE , SOLDE R .LM 109 K 8 .00 L MJ08AH Ci .JO L!\.!725H !) 00MN6040 FET IN PUT OP AMP 
TIN S T ANDAR D . SOL D E R .L M l 14 3 .40 L MJOSN\8 1 1 50 LM725CH •l.80 FB ASSEMBLED KIT AN2900 EVALUAT IONLF 355H l 6 0C·MOS PLL  GOL DL M 11 8 H 14.50 LMJ09H 1 90 LM725CD 4 .50LF355N I . IQ 1 -24 25 -49 50 UP 	 A fullv 11n11mbl ~d o n d Un i ANO LEARNING KITn 11nglu·chip phn•e·loc ked LM20 1H .98 L MJ09K 1.90 LM133CH 1.10 8 P •n J O 27 2'LF355A H 22.5 0 1:, 	 e<I FU M1c • oe ompu1 0 • S v1 •looo 1n1onde<1 to• use 11111 Cont1111u a lt compononis,L!\.120 1AH J .00 L MJ IOH J .J O LM73JCD 1.90LF35 6 H 1 10 • 4P.,, ..'" .. " 14 P ·n 35 32 29 t11m, 11 m e luCh '5 1tn F8 CPU•h QQu oric v 1yn1he11te• '"CB PC bo11•<l ond u111r'1 manual16 Pon 35 32LM201 AN J .9 0 L MJ \ OD l .80 LM1JJCN 1.80LF35GA H 22 5 0 16 P in 2> 20 >9" ., SMI. PS U ( with f o,.bu9)11 <11"1M:e1ve" 11n1101he• com· 18 P ,n 47 '3 •eclu" •!d to d'lmonurato ~h 'l 

m u n 1co1 rons eQu1pmont. 
" U .•20 2 H 7.00 L M3110 4 .20 LM74 l H 1.32LF3 57 H 1.6 0 \8P on 27 26 	 _. n d I K b yt e RAM. Tn1122 f' m 70 63 5 7 appr. c11 11 o n of th <1i a•c h 120 ?,n 33 32LM2 0 5 H 6.8 0 Lll.1J 11 N(8) l JO L M741CH .a.::.L F 357N 1.10 '" 	 . k it •1 1UD Phl!O wit h F 82 4 Pin 70 63 5 7 t ec l u • e 11nd op e•a toon ol$7.90 L M 206 H 12.!'.iO L M3 1 1H 1. d O L M7d 1CD 1.00LF 35 7A H 25 .5 0 21P•n 36 " 35 34 28 p,,.. > >O 90 h 1e ra1ur 11 and 8 Pr ogr am' 00 tho A M 290 1 ond AM 2909. 

36 Pin 175 1'0 '26
37 36 35 m ingMo nu 11 I, 
'4 , 3MD4301 CMOS ALAR M CIRCUIT IC 52.50 ~~;g~ ~ ~: ~g ~~;~!~ ~· ;g ~~~;::~~!Bl . ~g ;: : :~ 40 P in 1 75 '59 1 45 S1B5 S2B9.0036 p,,, 59 58 51 " SANKEN HYBRID POWER OP-AMP - up LM 209 H 5 .00 LM318H J . 50 L.\1 7·l7CH 160 40Prn 62 6 > 60 WIREWRAP GOL D Th e KIM 1 


10 5 0 w. (AC rms ) power output - Bu ilt · in ~ ~~ ;~~~ ~ :~g ~~;::~!BJ ; · ~g ~~~:;~~ ~ :~g 
 !Level No. 31 Microcomputer Syuem 
STANOARC '"OLDER . 10 Pon '5 The K IM F a m•lv.. 37 


to 100,000 H2 - Term inal lor e x ternal LM2 18H 9. 50 LMJ39N l 40 u .1748H 1.JO 


cu rr e n t lim itin g - 1 / 2 dB response from DC L Ml ll H 3 .a5 L MJ24N 1.40 LM 747D 4.90 Tl 
1 4 Pin 39 38 37 S245 00 M ·c•ocomoui., 

8 P 1... 25 ]3 22 16 p,,.. 4 3 ., 41 179 00 -l l< S i•toc M trnor ... M odul•feedback 51 -1050 GS $33 .8 0 L MJOOH 1.50 LMJS ON I .SO LM74f;CH .90 27 is 2G 18 Pin 75 68 62 299 00 8K S • ~l•C Memorv ,\ ,0<1ul1
w1Re WRAP TOOL wsu .Jo 55.95 L M3ooN 1.50 LM JB I N 2.Jo LM74acNrn1 .s 4 16 P .n 30 27 1 5 2 4 Pon '05 95 85 1 19 00 M o 1111 • 1>0 1u a 


Strips, w raps and u n wraps 30 ga . wi re on ~~;g~ :~ :;g ~~: ~~~~~!Bl 1 :~g ~~:~::;~H 1 ·;g 
 18 P.n 35 30 28 Pon 140 1 25 ' >O 80 00 ROM E • IH"1•0" 
22 Pm 70 65 " 60 36 Pm '59 '45 1 30 KtMROM 1 150.00 EC•!O• I AUtrnOllt 

standard wi rew ra pping pi ns. s o · roll w iro, L MJ0 2 H J .40 L MJo gcN N E5J6T 3 .30 24? 1n 49 " ~:? 40 p,,.. 1 7 5 ' 55 140 KIM RO M 1 5000 K IMATH 

speclfy co lo r red, blue . whit e or 1----------~----~-~-------~---------1 


. 75 

KIM Docume n1at1onT0 -220 VO LTAGE s995 · KIM 1 Ule•Manual 
9 95 • '"011•1mm•n9,.1aroual 

yellow 	 Sl.98 AU DI O POWER AMP LI F IERS INTER SIL B03BSPECIAL REG UL AT OR FROM PREC IS ION WA VEFORMWIRE WRAP KIT WK-2 S11-95 5.5 WATT AN315 ...,,.d"'l•IManu1IFA IR CHILD G ENERATOR AND VCOIn c ludes WSU·3 0 too l, 5 0 It ro ll of 30 AWG Designed fo r mobil e radios . .C:I M M .. \l>Sub•OUI•"'"FA IR CH IL D 
7805C SV 7B l 5C 15V Fo, simultaneous sine,w ir o and 50 II roll of 30 AWG wi re and 50 tape playe rs, e tc. Easy lo use, 7806C 6V 781 BC 18V Tetmoron l lnt'l d lc nMon ot O•LM7 41PC sQ u11re and iriangu1ar wave· p cs ea of 1". 2 "', 3 " and 4 .. lengt hs of High Ga in - 53 dB !Closed 7808C av 7824C 2 4V 9 95 KIM Anemble1 Mi.nuall o rms < .00 1 Hz to 1 M Hz.3 for $1.00pres tripped wi re. Specify co lor rod, b lu e 78 12C 12VC1rc u1t) . SJ .90 ea. 

PART NO. B03BCCPO S3.90 '°' 2 for $1 .20w h ite or yellow. 

MAIL ORDER ADDRESS - P.O. Box 2208P, Culver City, CA 90230. Send check or 
money order. CO D, Master Charge and BankAmericard welcomed. Minimum Order: 
$10.00. Add $1.00 to cover postage and handling. California resider.ts add 6% sales tax . 
TELEPHONE ORDERS: Call (213) 641-4064. 

.,. 

CALIFORNIA 
A NC RONA 

11080 Jefferson Blvd. 
Culver City, CA 9023'1 . 

1213) 390-3595 

SEPTEMBER 1977 

CALIFORNIA 
ANCRONA 

1300 E. Ed inger Ave . 
Santa Ana, CA 92705 

17141 547-8424 

ARIZONA 
A NCRONA 

4518 E. Broadway 
Tucson, AZ 85711 

1602) B81-2348 

OREGON 
ANCRONA 

1125 N.E. 82nd Ave . 
Portland, OR 97220 

15031 254-554 1 

GEORGIA 
ANCRONA 

3330 Piedmont Rd., NE 
Atlanta, GA 30305 

1404) 261-7100 

TEXAS 
ANCRONA 

2649 Richmond 
Houston, T X 77098 

(713) 529-3489 

SIGN ETICS BOBOA 
EMU LATOR KIT 

Tt•111 S299 Emuleto• l< •T 
1.1ro ....1.. • II Th•! v o u n eea 

ANCRONA STORES DO NOT ACCEPT MAIL OR TELEPHONE ORDERS 

CANADA, B.C . 
ANCRONA 
Vancouver 
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I ~o\ll' 
: 00-~~sp, 
I 
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I 

• • llEAGl.t:-PICHER 
CF6V5 6vo lt SA. H. 
11 pill - proof . recharr;t-· 
able hallery. 

1o1oou "" Sl:?:.50 /u. 

S l'E CTllC~~· I O· NEW - I YL\~O~-~:~-: ~NTY 
This c UfJlcr wa.;; manufoc lurr<I II\ No,·atiun. lnr., Tarz:ma. C:a . I 
for n:<e: in T1::\a1' lni: lrumenl s motlrl 7:!5 Elcdrnn i1· Tt•rmina l. I 
It is com pa lihl1· " ' ilh Bdl 10:\ a ml 11 3 dala i'4!l i'! or 1~11' l."q Ui\·a · I 
lcnl. Tiu· c• mplcr o pcra l1:s a .~ y111: hro11011i'l )' lo a ma~ 111111m s1w1~I : 

~';;~ :~~~1· ·~j~·;~ pot l---  .-rl-U_A_C-----::-1 

Lin . .t. 2 5 ~f. (.750"':-. S U I SA 200V i
.nrn1;, .) s2.so G.E. "C51 Ideal 
10 for S l lJ . IJ 5 i11 preA.~ fit case. 

of :mo bawl 111 tlw full o r half d11pl1~ x m~l c. :\II i;1g:md 011tr111:i 
1 

EP-1 ..... makes ........... lqt ........Sl.50 
arc compatihl1· "'·ith TTt. T~a n ll 111tl fr~I · 1 ~ ~:.!7011z. fur mar · 1 EP·2 ..... makes... ....... lgal. ......$3 .50 1. ~ IOV ZOOma P.C. ~· HEAT S INK 
and IOiOh1 .. for space .. ltrt:c1_,.1! frt.''k Iii 22.?:>hz. !or mark and I (with instructions) I ·mounl 

1 
l /-t " h :< l11crmall m · p/n 

2025hz. for .~p:1 c1!. Umt rec1u1r1·s ±_J:.. ,·oil ::: and +_:i rn ll:~ for 1------------ 
1 318

..w x 
1 

l /B" 6o;rnn. IJ cal ~or 
<~pcra_lion. (.:o m,~l~lt ~ wil h ~: hcma l1c and all pcrt 111c11 I mforma - PRINTED CIRCUIT BOARDS I thick Pill: l l 7\' Oat po""·er dc\•1ces. 
lio n lull~· n·rnm 1lm11cil . calthr:it i•d a11d guar<111tred. G· lO 1/ 16'' Unetched Copper C\adl IO/Si-1 .C)S J"' w x I 1/8"' hf 

R:-\!?3!? 10 TTL 10 n~!?:l'.! rnnwrt cr kit.. ....... $-l50 l oz. 2-sided o r 2 oz. 1-sided .:_....:.._.:_1_00_1_S_9'_J._ao __,____s_.2_>_e_a._10_1_s _1._n, 
(includc!I 1'.C. hoard :ind !1t:hem:1 l ir) 10 100 • 

~.:~.. . 5~ 2.50 19.95 • /~' II -'·IV Riot.A Y 
PITTMAN 12 VDC MOTOR Sl .95 each 75 4 OO 29 95 11..lfSJ 7DJ J lf'D7 I alllf' hum sealed 

-. : aht: d Pi; ~mav: lt:un;50o nm :~. 1;_; ;:ch2 o:~lh. I ~:::~:: :15 4 :00 29:95 I /'111/ cd j mm """' cq11111mct1t S 9~/ea 
---e 5000RPM 1 1/B"" DI A x ,.. : 4"x 12" 1.00 5.00 39.9S L II'~ 

10 for S1 5.00 ::~:u ewi:~ 0 .118 " shaft . New, Gua rant eed . 1con tact ACE for quotes on custom sizes~"'ooK\Jt'c~oo i11 3 · HISMUTll .·II.I,()}' 

STANUAl\llS KIT 
An assorlmcnl of pn~d~ inn 
componcnl .q for i:a l1 hratio11 

K~t 1 ~~~1t~~~ip~~;' · aAAJrkd I ~ 
capaci tors. (lb) a1V10rled 0 .0 1% 

~~~~,~~~:~1~:Jd ~!1~r l~~fu~:,~t~re 
diod e. ON l. 'I' $6.95 

- ~i.iNEAR-;:;;-T--\.,. •' ":~~. 1d"110' Ml:l.TS 1" . 1"!11 · 1 ·"; ""·'T""· 
DYNAMIC RAQ lO H - \e1'19 ject ·lu: . in ,v1 1.1.9 ., If/,_ 1 9.9:;, 
TMS4030JL Hf' shaft I .. ilia . ha~ a11Y .,.iri",;o~;o .......51 .oo FUN TO / 'f..,I) WITll .' 

\\l\. \ S.i5/ea. IO for 
1

'' 
95 ·~~P.~~;·, A3C N•:oN RUl.B ~ 

4096-BIT low po wer 400MW. t;l //f; IJ'U."T'f l '.·l t:KAH ll I OO / J.1 .95 1000 11 39 .95 ~ ~ 
:~~o;:~,:~~~d.so;;_e;~/er:sted • ?;"JI/ .J""drnr. IU ." JJ ~t~,~~v15; ~~l~TUt~ 
w ith 22 pin socket and dll tll . t' f/fllnlt!ll 111111111 • $ / .:j(/ MO l. t:X l .C. Plf'I S 100 / l .98 

8 FOR $64.95 ·I fo r S:i.95 I 000 /$6 .95 

1.0 (TIT E SLi PEltnO NUE ll . tr ll/(;/f l'O li '/:"U Nt:CT/flf:R 

"""d ' """""· Pl u ti e . " ' ' ' 
1 

;,, I ., Vam 11·/f/ 7 f>Of/OF
S"i:o nd ~. C.:o m11 arr. _al S I .98 for. ~5tJmi1 s:.5fJ/cu 
0. 101.• r l ~rwhnr . Co 01par alil r ..· 1th 
E :i.~ lm a n 9 10. !01.. ll u tllr S·l.95 

fo r color organs. 
10 for $7.50 $1.00 ea. 

COMPUTER GRADE CAPS 
320 CO MP U LYTIC 

S900 Mt"D -60\' U C 10 / 11 2.50 

360 CO Mr U l.YTIC 
SOOO M f0-60\' D C 10 / 19 .00 

6310 •1392 turns 50mh 

10 for $2.95 

6!ima 

~MINI KIT. 

60HZ. CRYSTAL TIME BASE 
SPECIAL OFFER ON MINI 
KI T INCLUDES MM5369 11 nd 
3579.545KHZ. CRYS TAL with 
SCHEMA TIC. SJ.95 

CIRCLE NO . 2 ON FREE INFORMATION CARD 

2N 3820PrET S <15 
2N 5457 N FE T S .45 
2N2646 . S .45 
ER aoo Tf1 1GG ER D IODES 41 Sl 00 
2N.G0 28 !'ROG UJT S G5 

M INIAT URE MUL Tl TURN TRtr\'1 POTS 
100, 500. 1K .2K,5K, 10K,25K.50K,100K, 
200K,500K 1 Meg. S. 75 each. . 3 /$2 .00 

ULTI TlJi"IN TRH\.'i POT5S1mi1.11 to Bourns 
3010 style J lG '" :..58 "' ~ 1 i 4"' 50 100, 
1 K. 10K. SOK ohr:'s Sl 50 e... 3 ·S4 .00 

UNIVERSAL 4K x 8 MEMORY 

BOARD KIT 


$74.50 
32-2 102-1 fully bulh:ri:d, 16 add ress lines, on 
board decoding for any 4 of 64 pages, s1andard 
44 pin buss. 

EXPANDABLE FB CPU BOARD KIT 
$99.00 

featuring Fairbug PSU .1 K -ot stat ic rarn, AS 232 
interlace, documentation, 64 BYTE register 

CD4046 - $2.20 

4K BASIC FOR FAIRBUG FB 
on paper ta1>e . . . $25 .00 

C/MOS (DIODE CLAMPED) 
74C10 .22 401 2 .22 4023  .22 4042 .78 
74C193 - 1.50 4013 .40 4024  .75 4046  2.25 
4001  .22 4015 .95 4025 .22 4049  .40 
4002 .22 4016  .4 0 4027 - .40 4050 - .40 
4006 1.20 4017  1.05 4028  .BB 4055- 1.50 
4007 .22 4018 1.00 4029 1. 10 4066  .80 
4009 .42 4019 .25 4030 .22 407 1 .27 
4010 .42 4020 - 1.05 4033- 1.50 4076 1.05 
4011  .22 4022 .95 4035  1.10 

WSU-30-Hand wire wrap tool used to 
wra p, unw ra p & Strip #30 wire SS.95 

VER IPAX PC BOARD 

I h1\ ho,1111 •\ ,, 1116 '. smqle s1de(t paper t!l)O)(y 

uo,11d , 4 '," ,6 '," ' DRILLED .1n<I ETCHED 

whi ch ,•••,11 holr l un tu 2 1 single 14 pm IC's 

or 8. 1G. O• LSI D IP 1c·s w1 1h ll uHe~ 101 

power Hlflply co1mcc101. 54 00 

MV 5691 YE LLOW.GAHN 

BIPOL AR LEO S .90 
rP100PH010 Tll /\NS . S 50 
RED, YELLOW. GREEN or AMBER 

LARGE L ED's 6 / $ 1.00 
1L-5 !MCT-2) ..... S .75 
MOLEX PINS .. 100/ Si.OO 

1000-/SB.OO 
10 WA TT ZENERS 3.9. 4 .7, 5.6, 8.2, 

TRANSISTOR SPECIALS 
2N3585 NPN 51 TO 66 s 95 
"JN3772 NPN 51 TO 3 . s 1 60 
2Nl546 PNP GE T0-3. . . s .75 
2N•1!J08 PNP 5, TO 3 s 1 00 
7N6056 NPN s, TO 3 0,111 .n ,po n 5 1 70 
7N5086 PNP 5, T0 -92 4 •S I 00 
2N l\898 PNP T0 -66 .. s 6 0 
2N401\ PNP GE T O 5 
2N3919 NPN 51 T0 -3 RF 
ti,.lPSA 1] !\J PN 5, TO 97 
7N3767 NPN 51 TO 6G 
2N2222 NPN 51 T0 -18 
7N3055 NPN 51 TO 3 
2N3904 NPN 51 T0 -97 
2N3906 PNP 51 TO 92 
2N5296 NPN 5, TO n o 
2N610~ PNP 5, T0 -220 
7N3638 PNP 51 TO 5 
2N651 1 NPN T 0 -92 So 

. 147400 

. 147401 

. 14 740 2 

. 14 7403 

. 187404 

. 18 7405 

.25 7'106 

.2571\07 

. 18 MOB 

. 177409 

. 14 
7411 - .20 
7412 . 20 
7413 - . 39 
7414 - .G3 
7416 

7'110 

. 2S 
7417 - .25 
7420 - . 14 
7425 .25 
74 26 - .22 
74 27 - .25 
7430  . )4 
7432 - .25 
7437 - .2 1 
7438 - . 2 1 
7440 - . 14 
7441 - . 70 
7442 .40 

TIL IC SERIES 

5.' 5 I DO 
s 1.50 

3 /S I 00 
s 70 

SIS I 00 
s .70 

SIS 1.00 
5 15 ) 00 

s 50 
5 55 

S 'S 1 00 
3 15 ) 00 

7445 - . 15 74 150- .90 
7446 - .GS /415 1- .GO 
7447 - .GS 7•115 3 .60 
7448 - .G5 7111 54 .95 
7450 - . I S 7'1155 . 70 
7472 - .29 74 157 .58 
7473 - .29 74 16 1 .85 
7474 .29 71\ 163 .80 
7475 - .4!" 7-1 16'1 .9S 
7476 - .3D 74 165 - .9S 
7480 - .35 741 73 - 1.20 
7483 - .62 74174 - .9S 
7485 - 14 175 .82.87 
7486 .3D 74 17G . 7S 
7489 1.85 74177 - . 15 
7490 - .42 74180 .65 
7491 - .58 74181 - 1.90 
7492 - .43 74 190 - 1.00 
7493 -- .4S 74 191 - I.DO 
7494 - .70 74192 .83 
7495 .65 74193  .83 
7496 - .GS 74194 - .SS 

74107 - .28 74195 - .52 
74121 - .33 74 757 1.25 
74123 - .6S /11 279 .87 
74125 .40 7532 4 I 75 
74126 .40 7549 1 65 

75,102 GS 

Full Wave Bridges 
PRV 2A 6A 25A 
200 75 1.25 2.00 
400 95 1.50 3.00 
600 I 20 1.75 4 .00 

SANKEN AUDIO POWER AMPS 
S1101!lG lO i-\•ATTS . S 7.95 
St 1020 G 20 WATTS , .. . .. $15.95 
51 1050 G 50 WATTS . S27.95 

>'1> TANTULUM CAPACITORS 
68UF 35VJ/5100 
22UF 35V 5 40 
JOUF 6V S/$ 1.00 
]JUI J'jV 5 -l (} 

'17UF 20V $ .35 

22UF 35V 51$ 1 00 
4 7UF 35V 5151 00 
68UF 35V 5S 100 
1UF35V 55 100 
i2UF 20VS 51 00 
3 3UF 35 V ;l 51 00 
4.7UF 15V 5/ Sl.00 

68 UF 15V 5 .50 
10 UF 25V 5 .25 

M/00 1 ALARM CLOCK CHIP 

74LS 
SERIES 

74 LSOO - .23 74LS 125 - .65 
74LS0 2 - .23 74 LS126 - .65 
74LSOJ - .23 74LS132 - .80 
74L S04 - .28 74 LS138 - . 72 
74LS05 - .28 74 LS139  . 72 
74LS08 - .23 74 LS 145  1. 15 
74 LS09 - .33 74LS 151 - ,98 
74LS 10 - .23 74LS1 53 - .93 
74LS11 - .23 74LS155 - 1.40 
74LS13 - . SO 74LS156 - .95 
74 LS15 - .23 74LS 157 - .98 
74LS20 - .23 74 LS l 60  1.02 
74L S21 - .23 74LS 161 - 1.02 
74LS22 - .23 74LS 162 - 1.02 
74LS27 - . 27 74LSt63 - 1.02 
74LS30 - .23 74LS168 - 1. 10 
74 LS32 - .33 74LSl69 - 1, 10 
74 LS37 - .37 74 LS173 - 1.39 
74LSJ8 - .37 74 LS 174 - 1.05 
74LS40 - .27 74LS175 - 1.22 
74LS51 - .23 74LS 190  1.50 
74 LS54 - .23 74 LS191 - 1.50 
74LS74 - .49 74LS192 - 1. 75 
74LS90 - .95 74L S 193 - I. 75 
74LS42 - .88 74 LS 195  1. 25 
/<l LS73 - . 40 74 LS196  .99 
74LS74 - .40 74LS 197 - .99 
74LS76 - .40 7"1LS257 - 1.35 
74LS90 - .89 74LS258  1.38 
74LS92 - .85 74LS266 - .38 
74LS93 - .85 74LS365 - .66 
74LS 109  .50 74 LS366 - .66 
74LS 112 - . 43 74LS367 - .66 
74LS 11 3 - . 43 74LS368 - .66 
74 LS I 14 - .43 74LS390 - 2. 20 

55 .75 

LINEAR 
CIRCUITS 

LM 101 .75 
LM 3011748 .3 1 
LM 307 - .30 
LM 308 - .95 
LM 311 - .95 
LM 318 - 1.35 
LM 3 19 - .95 
LM 324 - 1. 05 
LM 339 - 1. 10 
LM 377 - 2.50 
LM 380 - .95 
LM 38 1 - 1.25 
LM 382 - 1.25 
LM 537 - 2.50 
LM 553 - 2.50 
LM 555 - .44 
LM 556 - .85 

560 - 2.00 
565 - 1.10 
566 - 1.50 
567 - 1.50 
703 - .90 
709 - .25 
7 10 - .35 
71 1 .35 
741 Cor V .3 1 
747 - .65 
LM 1310 - 2.50 
1456 - .95 
1458 .60 
CA 3046 - . 75 
CA3047 .95 
3900 - .49 
8C'IJ8CC - 3.90 

PR V lA 10A 25A 1.5A GA 35A 

100 .40 .70 1.30 .40 50 1.20 
200 .70 1.10 1.75 .60 .70 1.60 
400 110 160 2 60 100 120220. 
WE SHIP OVER 95% 

DIP SOCKETS 
8 PIN - .22 24 PIN - .40 

14 PIN - .25 28 PIN - .50 
16 PIN - .28 40 PIN - .60 
18 PIN - .30 

7i'U8-Sk E PROM 
2522S TA T IC5HtrT RE 6 
25 13CHA R AC TER t..EN 
25 18 ·HE. X 32 Bl T SH 
2102 ·1 1024 BT 1'1AM 
5280 4K DYNAMI C 1'1AM 
1101A-256 BIT RAM . 
MMS203 UV PROM 
1702A UV PROI\\ 
5204 -4K PROM 
AY -5- 1013 UART 

LIGHT ACTI VATED SCR"s 
TO 18. 200 V IA 

524.95 
S I 9 5 
s g 95 
$ 2.50 
$ 1.29 
s 4 .75 
s .85 
s 6 gs 
s 4.95 
$10 95 
s 6 .95 

s 1. 10 

IN 414 I I 191 41 15/ 1 00 
ldCA 81 OPTICAL Lll\l lT SWITCH 51 50 

12. 15,18.22, 100, 150 01 200V . ea. S .60 
1 WATT ZENERS 4 . 7, 5.6. 10, 12, 15 

18 o r 22V . ea. S .25 
MC6860 M OD EM CHIP 59 .95 

125A 
•DO " 3 ID 

Tenns: FOB Comb~dge, Mess. Sond 251 fo• ou• catolog feaiunng 

2DO 07 .20 3S l IS 4 25 
400 09 25 50 1.40 6.50 
600 II 30 70 I 80 8.50 
800 .15 .35 90 2.30 10.50 

1000 20 4S I 10 2 75 12.50 

SILICON SOLAR CELLS 
2%" diameter 

4Vat500ma $400/.2Vat200mols$200 

6$, SQLID STATE SALES 

Send CheckorMone~Order. Transistors and Rec11t1ers p O BOX A OF OUR ORDERS THE 

74~.:~::.:,~.~~(iom 145 Hampsho'" St. Cambndge. Mm SOMERVILLE, MASS. 02143 TEL. (&17) S4]·400S DAY WE RECEIVE THEM 

CIRCLE NO . 58 ON FREE INFORMATION CARO 
POPULAR ELECTRONICS 140 

http:7493--.4S
http:190-1.00
http:7490-.42
http:7440-.14
http:1000-/SB.OO
http:100/Si.OO


Popular El~ctronics 

ADVERTISERS INDEX 

READER 

SERVICE NO. ADVERTISER PAGE NO. 


1 AP Products Incorporated .. 

2 Ace Elec1ron1c Parts . 

3 Acti ve Elecllon!C Sales Corp .. 

6 Advanced M1c1ocomputer Products , . 

7 Ancrona Corp . 


Audra Techn1ca U.S.. lnc . 
8 Avanl1 Resea rch & Deve lopme nt. lnc . 

9 B & F Enterprises . . . . . . . 
68 B & K Precision. Produc t of Oynascan 

Burstein-Applebee 
10 Byle Publ1ca t1ons . 

CREL Capitol Rad ro Engineer ing 
In stitute 

Cleveland lns!dutc o f 
Erectron ics. In c .. 

12 Cobra. P1oduct of Dynasca n . 
11 Comou1er De pot 
13 Contempo1ary Marketing. Inc 
14 Continental Spec1alt1 es Co1porat1on 
15 Control & ln formatron Systems. Inc 

16 0 191 -Key Corpora tion 
17 D1g1ta1 G1oup. Tile . 
18 D1ake Company. R L. 

19 ED I . 
20 EICO 
21 Edmund Sc1cn td1c Co 
22 Electra Compa ny 
23 Elect1on1cs Book Club 
24 Ell1on ... 
25 Emp11e Sc1cntd1c Corp .. 

:!ti 
140 
120 
122 

138. 139 
104 
103 

128 
Ill 

136 
105 

38. 39. 40. 41 

28. 29. 30. 31 
SECOND COVER 

92 
95 
43 
93 

135 
73 
113 

131 
114. 11 5 

142 

2 
7 

128 
56 

26 Exlio n LIFESCFlEEN Pro1ec1,on System 113 

Flu ke. 

G F N lndust1 1cs 
28 Godboul Elecs .. s ,11 
29 G1anlham College of Eng,nee11ng . 

5 Healh Company . 

3 1 Hobb-y-tron1x, Inc 


32 lll 1no1s Audio . 
33 lnteinationa! El ec tron ics Unl imited 

lnters1J 

3tl JMJ Techn 1cal Products. Inc 
66 JS &A . 
35 James Elec1ron1cs 

36 	Kedman Company 

Kenwood . 


37 Mci ntosh Labo ratory Inc . 
38 MITS 

NRI Schools 
40 Nat1o na1Came ra Supply 

National Techn1cal Schools 
41 Ncw -Tone Elect ro res •• 

4~ Nc tronics Res. & Dev 

43 OK Ma chine & Tool Corpo1a 11on 

44 Olson Electronics 

45 Optoelectro111cs . 


46 PAIA E!ectron1c s. Inc . 

4 7 Pa\hcom Inc . 

48 P1cke11ng & Co 

49 Poly Paks 

50 President Elec! ronics. Inc . 


51 Guest Elec tronics 

52 Rad'o Hui . 
Radio Shack 

53 Ramsey Etec troni cs . 

54 S.D Sales Co 
55 Sa nsui Electronics Corp 
56 Schobe1 0 1gan Co1p The 
57 Sc1ent1f1c Audi o Elec tronics. Inc 
6 4 Sencore . 
69 Shure Brothe rs Inc .. 
58 Solid Slate Sa les 

45 

9 
130 
112 

106. i07 108. 109 
124 

114 
13 4 

12. 13 

136 
I 

i32 133 

11'7 
21 

105 
27 

16. 17. 18. 19 
115 

88. 89 90 9 1 
1?1 
116 

101 
130 
137 

.. .. 116 
FOURTH COVER 

THIRD COVER 
127 
33 

J-11 

123 
35 

128 

129 
15 

117 
. 6 

. 11 8 
119 

140 
59 Soutllwest Tcc h111 cal Products Corporati on 37 

Speake dab 11 2 
6'1 Stereo Corporat1on of America 118 

Superscope. Inc 10 11 

60 Tw Tek. Inc 87 

65 U S. P1onee1 . 5 
4 United Audio Products. Jn c 46 

61 Vector Electr oni cs Co . 87 

62 Wers t Electronics In c 113 

63 Yaesu Electroni cs Corp . 99 

CLASSIFIED ADVERTISING 
120. 122. 130. 131. 13 4. 136. i37. 14 I 

SEPTEMBER 1977 

MAGNETS 

MAGNETS. All types. Specials-20 disc . or 10 bar. or 2 slick 
or 8 assorted magnets. $1 .00. Magnels, Box 192-H Ran
dallstown . Maryland 21133. 

DO-IT-YOURSELF 

MODULAR TELEPHONES now available. Sets and com
ponents, compatible with Western Electric concept. Cata
log 50 cents. Box 1147W, San Diego , Calilornia 92112. 

TAPE-SLIDE SYNCHRONIZER, lap.<Jissolve , mullipro
jector audiovisual plans $8.50. Free Catalog. Millers. 1896 
Maywood , Soulh Euclid , OH 44121. 

BUILD Electronic devices in your home . Get started in your 
spare time . Big Profits - Experience not necessary . Write 
for free literature telling how. Electronic Develop Lab , 
Dept. D, Box 1535, Pinella Park , FL 33565. 

MAKE PROFESSIONAL QUALITY PC boards with silk
screen techniques. Complete information , $4.95 postpaid. 
TerraTronic Research , Bo x 513SP, Quincy. Ill. 62301 . 

Same day shipment. First line parts only. Factory 
tested . Guaranteed money back. Quality IC's and 
other components at factory prices. 

INTEGRATED CIRCUITS '"'"" ,, '"'"" ,.,,,. CU400S 	 i5 WllO 18
7'0lnl 	 : t l>JaS ll l MJ17 CGW09 4J M l M J3 
/400.'4 	 i~ L574 tt 38 500 co1010 43 nc10 2a,•JtriN " 	; 4lS15N 51 t"'ll"9 ' ,., 

co.ion Z2 Heu 210
74G-IN 	 74LS90N ~ ll.llal " CCMOl1 12 m:10 28
1409N 	 7Jl59JN 55 lU!!l " '"' 39 28CD401J 7t C30'"'" 

P.O. Box 4430C Santa Clara, CA 95054 
(408) 988-1640 

'"... 
'"' "' '" 

ELECTRONICS 
SPf:Ct.lt.PROOUCTS 
MU~S!op.o:cnfimei 900 
PCbWIO 150 

llKXl:ltfrtpe 0!1 Swllc.MiMom Pi.'Sl'ltll.l::Oll 50 

/410N 	 74Lmll 1 89 lM~ C[µ OH ~ l 4Ct 8 195 
74tcN 74LS101N Ja LMi!)91t " 

,, 
,. ct).I01s g.i n cu ;s

/4 l<IN 	 1~l5111H 38 u.11n11n " ,.," CCM016 J~ 74C76 1 40
7422'1 	 74LS1ll.'4 l8 t u m N " C[µOH 100 H C90 11 5 
l'JJO N "' j JLSIJ2n ~ LU;J I(;;; co.io:a 100 ; 1C")J ,,o }~pes l) ,l* 015 	 l!JO~pa(> J011llUlh1rW1u n1 	 1J LS13'iN l! l U,"4 HJ "' " :0 2 10CIM019 74Ct06 IOO~tf:>e ll 15 5Pfl~ 675 c-l1rlNnllil 

C!l-4ll?l:I I ll 74C1 01 857H~N 	 HLS1~\N TJ LM i~ jH, N " " ,"' .. UUOJ.llOS 0Dtnta~t8Voll0Cto5 MH:7U 7N 	 1US155N 1l L.Mueu """ " CD,021 111 HC1!>-I JOO ltto ke:,-bo.lr!l 	 995 1Yll 12s· uoo•!:!t.l) 10.soN48N 	 HLSl~IN 73 lM130J N " " C01022 g.i 74C160 144 "' ~KevASCll CLOCJIMOOU LES 

7474N iJLSl6'.IN 1 00 LliH J05 

N!JON ~~ 	 14LS162N 1 00 lMll0-1 " t(}.lon 22 ucm 240 

CD.t02 4 l3 74Clll 275 '" ~i?ty~~~~ Compld~atarm ctot~rtMy lo"' 
141~ 	 74lS114N 101 l MIJlll " "' 22 300CDJ005 HC90S '" [lo.closure 1495 hOOi.UD Wolhltlt!SIGITl\efl~d
7485N 	 14LSl~'W 1 1~ l !.1131 0 "' ,..,, " " '"' "' CCM026 160 l4 C906 ISO hyt1 80-IJ 14 !JO s..:tctlfl Vel)' (QmDJCt Wllh7489N 	 i 4LS?2t N 195 LMll!>! '"Cll'IJ.!1 39 HC914 195 16 !.Cl tom~lt!e *'tn SO« SO- !ncl &1·0.g1a 

l492 N LMtal2 

N\ICN 	 74LS2 13 LMl800 "'" CD41l18 85 1CC91S 10 SO !ndsoc>.et $G.11CID1 l•· '· · 110 MJ.1002.J.. C Of E .so· 1.95 
7493N L!.l !aa'l JOOU•Ull " C().10?9 11 1 74C916 105'0 102P31ran$1a111111 2.25 "' Jll OLOrOllMt.100 11111 " 	C.t:JOtS 90 "' ([µOJQ 22 74C927 105'0 MAIOlaA,C 11rE .1.t· 11.9574!1.iN t ll11! 1 

IC SOCKElS 1021'2T11urorm11 
T4!01N " ""'' " LUl900N 

"' ~~~ lH= RIACt ~~ s o.,11Tl• lowProlll1 10111.1. Mluocampul" Kit 19500 S1ttl1llr1HlllfmHlll4 
T41 00N .," LM?901 	 '" "' ~:n~!':!,.~~~~D":rv l'.tJ '1~E08 l .15 

CJ.JOBI 1!ll '"'""'' " 1 ;5 PI N !UP PIM IUP 1/i1W'ilcllfl ...,.LUJ'X&141 21N " ~ 	 Cl.30!2 19:) uos " u.1:;mi1 a 15 2• 36 11rU1n••.'llloOlll1 2.95 
1412!••'I f.!C1:5"3V lllJ.1DOlur111odul1 .l' Ofttn 
t•12:m 	 c.r.Jt..e~ 2% ~g!g!! ~ = ~ RfO 1011 15 Jumtoo Rtd 2'0u 1! 18 (3 
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Digital Thermometer $65.00 2.5MHzFrequencyCounterKit Home Alarm Kit $18.75 

General purpose or medical 32' -230'F. As low as 10 Hz .6- .50" digils wilh PC Designed for use wilh electronic siren 
Disposable probe cover =.2 accuracy. board and full instructions. $40.00 module. AC power. battery backup, entry/ 

C~:p~te~ a s~~~~ ~/c~~p~a c~~~e·~t~';::'f.::::::i~==~~t exit delay. lnslant alarm for night use.om le~ ly~~semble~d~w~om ~t ca s~l~	 30 MHz Frequency Counter Kit ND/NC circuils. Test and arm indicators. 

Not a Cheap Clock Kit $17.45 
Includes everything except case . 2-PC 
boards. 6-.50" LED Displays . 5314 clock 
chip, transform er. all components and 
lull instructions. Same clock kit with .80" 
displays. S22.75 

()...12 voe @'h A bench supply. Less 
than .1% line, load regulation. Remote 
sense capability . Constant voltage/cir
cuit limit. Can be moditied for other Vil 
ranges. Complete with board and trans
formers. $19.95 

Digital Temperature Meter Kit 
Indoor and ouldoor. Aulomalically 
swilches back and lorlh . Beauliful. 50" 
LED readouls . Nolhing like ii available. 
Needs no addilional parts for complele, 
lull operation. Will measure - 100' to 
+ 200' F. air or liquid . Very accurate. 
Complele instruclions . $39.95 

3.2768 MHz crystal accuracy. Times Jo 
Clock Calendar Kit $29.95 
CT7015 direct drive chip displays date 
and time on .6" LEOS with AM-PM indi
calor. Alarm/doze fealu re includes buz

c I · h I11~~rd inos~r~~:~~~'. l~st~~~;power supp Y 

1977 IC Update Master 
Manual Complete imegrated circuit 
dala se lector from all manulacturers. 
1.234 page masler relerence guide lo 
the latest JC 's including microprocessors 
and consumer ci rcuits . 17.000 cross 
references for easier sourcing of hard to 
gel parts . Special pricing: $24.95, with 
free update service thru 1977. Domeslic 
postage S2 .00. Foreign S6 .00 . 

TELEPHONE MANUAL, basic operation and inslallation of 
singleline instruments. $2.00. Box 178263, San Diego , CA 
92117. 

WANTED 

GOLD, Silver , Platinum, Mercury wanted. Highest prices 
paid by refinery. Ores assayed. Free circular. Mercury 
Terminal , Norwood, MA 02062. 

MISCELLANEOUS 

DELICIOUS! Chicken Vegetable Soup recipe $1.50 and 
SASE. RMSSR ZD, P.O. Box 34052, Phoenix , Arizona 
85067. 

FREE! Consumer Service Division Catalog. Includes a 
wide variety of products associated with the special inter
ests of readers of Ziff-Davis magazines - PSYCHOLOGY 
TODAY, POPULAR PHOTOGRAPHY, STEREO REVIEW, 
POPULAR ELECTRONICS, BOATING , FLYING , CAR & 
DRIVER, CYCLE, SKIING. Send lor YOUR free catalog to
day. Consumer Service Div .: 595 Broadway , Dept. CL, N.Y. , 
NY 10012. 

Same basic CMOS counter as above plus 
level controls and dual FET inputs . Pre
scalable to 200 MHz with PC board and 
lull instructions $55.00 
Fully wired and tested. $75.00 

Function Module Card Kit 
Converts any frequency counter inlo 3y, 
digil DVM. digital thermometer. pulse 
& square generator from 10 Hz lo 100 kHz. 
Complele kit minus power supply. $25.00 

2 amp switching capability. All parts with 
complete instructions minus power sup
ply. Electronic siren module kit. $2.75 

Variable Power Supply Kit 

..•••••••••••.. Volt/ohm Probe stock, immediate delivery. 

$22.50
Stopwatch Kil $26.95 
Full six digit battery operated. 2-5 volls . 

59 minutes . 59 seconds , 99 1/ 100 sec. 
Times slandard. split and Taylor. 7205 
chip, all components minus case. Full 
inslructions. White or black plexiglass 
case. $5.00 

..•••••••••••••• Includes audio amplifier & speaker. All in 

Batt. oper. AC/DC Jo 125 V. 2 pos . voll. Board only $14.95 
and 2 neg . voll. plus continuity. Stainless Special case wilh front panel $15.00 
sJee l. pocket size : comp . assem. $34.95 

Auto Clock Kit $15. 95 
60 Hz Crystal Time Base 
Kit $4.75 Converts digital clocks 
lrom AC line lrequency 10 crystal lime 
base. Outslanding accuracy . Kit includes: 
PC board , MM5369. crystal. resistors. 
capacitors and trimmer. 

TERMS: 	 $5.00 min_. order U.S. Funds. Calif residents add 6% tax. 
BankAmencard and _Master Charge accepted. 
Shipping charges will be added. 

CIRCLE NO. 51 ON F!lEE INFORMATION 

Same supply at 1 amp 

Cosmac 'ELF' Kil RCA CMOS Ex
pandable Microcomputer. New PC boanl 
with monitor on PROM Included. No hard 
wiring requ ired. All on board including 
power supply. Complete kit of parts with 
new assembly manual. $109.00 

DC clock with 4- .50" displays. Uses Na
lional MA 1012 modulewith alarm option . 
Crystal time base PC boards and lull in
structions. Add $3 .95 for a beautiful 
dark gray case ready to install. This is 
Jhe best value available anywhere! 

FREE: Send for your copy of our 1977 
QUEST CATALOG Include 13¢ stamp. 

· 
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NEW 
WIDE FIELD TELESCOPE 
Astroscan lets you enjoy clear, bright, wide· 

angle views of stars, moon, comets, etc. Com· 

pletely portable, this unique 41/4', f / 4 New· 

tonian reflector houses top quality optics. De· 

signed for ease of handling and use, Astro

scan weighs only 10 lbs. and stands 17" high. 

What an instrument' 

No. 2001 . . . . 


Ppd. 


$149.95 

SEE MUSIC 

IN PULSATING COLOR 

3 . Channel Color Organ 

lets you modulate 3 inde· 

pend. strings of colored 

lamps w/ intensity of 

your music. "Audio light 

show" flashes, responds 

to rhythym, pitch' 


No.42,309 $18 50
!ASSEMBLED) . . . • 

$15.95 Pod 

MYSTICAL 
MUSICAL , -~-,~~/
MACHINE •· ' . , IAutomatic 256-note 

pseudo-random , . 

tone pattern. Ad· 

just beat, vol. , pitch. 

Photocells vary tone of 

continuous "music." Output jack !or patching, 

or tape hookup. 9V batt. incl. 


No. 72,203 .... 

EDMUND SCIENTIFIC CO. 
Dept. AV18, Edscorp Bldg. 
Barrington, New Jersey 08007 

Send GIANT 164 Page Catalog 

packed with over 4,000 

unusual bargains. 


IN 
ame~------------~ 

IAddress 

ICity 

IState Zip I 

PROFESSIONAL 
TIMING ACCURACY 

... Only $49.95 
Hand-held electronic digital 
stopwatch counts up, down, 
and sounds alarm. Full range 
(9 hr. 50 min. 59 sec.); bright 
LEO display; matrix keyboard; 
start / stop reset buttons. Batteries. 
Siz e: 2~a x 4 i;., x 11/o'' 
No. 1692 . Ppd. 

TUNE IN 
AM STATIONS UP TO 
3000 MILES AWAY 
Ultrasensitive super antenna pre· 
amplifies signal. Pick up ball games 
around the country, your home town, 
more. Directional indoor ant.; freq. 
and sensitivity controls: I IOv AC: 60 
eye. Size: 33/s x 9~~. x II". Wt. 6'/.i lb. 

No. 72,263 .... $17l.50 Ppd 

KNOW YOUR ALPHA FROM THETA! 
For greater relaxation & concentra· 
tion, monitor your Alpha / Theta 
brainwaves with audio or vi~ual 
signals on Biosone II. Features 
of $200-up units. Incl. 3 
feedback modes! 4-lb. Ppd. 

No. 1668(9 1h x5 o/s x4 1/4''1 $149• 95 
No. 71,809 

!FOR BEGINNERS) 


D 

SAVE 50%-DELUXE AM/FM WALL RADIO 
Great surplus buy saves you 50% on brand new 
AM / FM Deluxe Wall Radio w/ handsome silver/ 
black control panel. Mount anywhere den, kitchen, 
bedroom, office, workshop. Self-cont. Philco-Ford 
radio chassis (J4 V• x 31¥t 6 x 3W'l w/ 11 transis· 
tors, vol. control, AM / FM hi-sensitivity tuner, AFC 
2~" dia. speaker, 71;," llOV AC cord. Orig. cost 
$30 ea. in 3000 quant. for nat'I. motel chain. Re· 
tail value over $40! Buy several now. 

No. 72,275 !READY $22.50 Ppd.TO PLAY 1l .. 

MEASURE WIND SPEED 

ANYWHERE 

Hold handy (J 6 oz.!l low cost 

Anemometer into the wind, 

quickly read wind speed on its big 

dial - from 5 to 70 mph. Acc. to 

:~ 3% of full scale (2.1 mph); no 

batts., adjustments, recalibration 

req.
1 

No. 42,428
(7" HIGHI . · · 

$21•95 Ppd. 

SENSITIVE 

TR METAL DETECTOR 
,.r. ,,_i

(_~::=-~./ 
Fully transistorized transmitterI receiver (TR) 
detector with sensitivity rivaling models twice 
the price. Built of rugged aluminum with a 
waterproof search coil. Detects a penny at 5". 
Wt. 2 lb. 6 oz. Ppd 

No. 80,262 . . . . $39.95 ;_ - 
I------- I 
I 

Oept. AV17 . Edscorp Bldg. 
Barrington, N.J. 08007 I 
Please send me the following items I have 
indicated below: I 
Stock No. Qty. Price I 

I 
D Amer. Exp. D BAC D MC I 

Interbank ·# Acct. # ____ 

Card# Exp. Date I 
Handling $1.0 I 

Name I 
Address I 
City State Zip I 

L---------~-----------------------J 
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The source 

of perfection in 

stereo sound... 


Pickering's new 

XSY/3000


~~:~~x~~t~i:~r::~~· · ·· 

The reviewers applaud as never before! 

"... we don't see how you can do better at any price." 
Hirsch-Houck Laboratories. Stereo Review. February 1977 

"The new unit offers the stereo performance of the XUV / 
4500Q (or perhaps a little better than that) at a lower 
price. It seems hard to go wrong with such a combina
tion." 

CBS Technology Center. High Fidelity. February 1977 

"Congratulations to all concerned on a fine contender 
amongst the world's best stereo pick-ups." 

John Barwick. Gramophone. United Kingdom 1977 

Pickering's new XSV/ 3000 is a remarkable develop
ment. It possesses a totally new and different design that 
makes it the precursor of a whole new generation of so
phisticated, advanced stereo cartridges. 

This has been made possible by technological advances 
in two areas. First, it has an unusually tiny, samarium 
cobalt (rare earth) magnet of remarkably high power that 

permits extremely low mass, and also offers high output. 
Second, this cartridge features the new Stereohedronr" 
stylus tip, a Pickering first! This extraordinary shape has a 
far larger bearing radius, which provides increased con
tact area in the record groove. This assures gentler treat
ment of the record groove, longer record life, and also, 
far longer stylus life. 

This cartridge provides remarkably smooth and flat fre
quency response; its channel separation is exceptional, 
its transient response possesses superb definition. 

Truly, Pickering's XSV/ 3000 represents a whole new 
concept of excellence in stereo cartridges . . . the true 
Source of perfection in stereo sound. 
For further information write to 
Pickering & Co., Inc. Dept. PE. 
101 Sunnyside Blvd., Plainview, I<e PICKERING I 
New York 11803 "'for those who can ~the difference" 

PICKE RING & CO., INC., COPYRIGHT 1977 
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There are millions out there with their ears on 

waiting to talk to you Pace to Pace. 

And with a Pace CB two-way radio you've got 

every bit of power the law allows. And features 

to cut through interference and "bleeders" 

from other channels. 

What's more. it's assembled 

with computerized circuitry 

and it's 100% solid state, 

so it's as trouble-free as 

a CB can be. 


It all adds up to your 

voice getting out 


there clearer and with less distortion, and the 
other guy's voice coming back just as clear. 
To learn more, drop into a Pace place near you. 
The dealer will tell you just how economical 
and easy-to-install a Pace is. He'll help you 
choose the one that's just r ight for you, too. 
Ask him for the world by the ears. He'll know 
whic-Ji CB you're talking about. 

~ r .J

. 1·· 
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